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(57) Abstract 

The present invention provides plants which as a result of the expression of a recombinant DNA have reduced susceptibili- 
ty to a plant-parasitic nematode. According to a preferred embodiment said recombinant DNA causes disruption of a nematode 
feeding structure. In another preferred embodiment expression of said recombinant DNA is at least retarding formation of a 
nematode feeding structure. According to a more preferred embodiment said recombinant DNA comprises: 1) a gene- A which 
upon expression effects disruption of a nematode feeding structure, said gene-A being placed under the control of a promoter-A 
that drives expression at least in the nematode feeding structure, and 2) a gene-B which upon expression neutralizes the disrup- 
tive effect of gene-A, said gene-B being placed under the control of a promoter-B that drives expression in substantially all of the 
plant's cells wherein gene-A is expressed, with the proviso that said promoter does not effectively drive expression of gene-B in 
the nematode feeding structure. A preferred gene-A encodes barnase, while gene-B encodes barstar. 
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WO 93/10251 PCT/EP92/02559 

A METHOD FOR OBTAINING PLANTS WITH REDUCED SUSCEPTIBILITY TO 

PLANT-PARASITIC NEMATODES 

TECHNICAL FIELD 

5 This invention concerns plants with reduced susceptibility to 
plant-parasitic nematodes and methods for obtaining same 
involving recombinant DNA technology. 

BACKGROUND OF THE INVENTION 

10 Plant-parasitic nematodes worldwide cause diseases of 

nearly all crop plants of economic importance with estimated 
losses of about $ 5.8 billion/yr in the Unites States alone 
(Sasser and Freckman, 1987 , World prospective on nematology 
In: Vistas on Nematology, Eds. Veech & Dickson. Hyatts Will, 

15 Maryland, pp. 7-14). While in tropical regions losses caused 
by nematodes are due mainly to root-knot nematodes 
( Meloidogyne l , in Europe cyst nematodes of the genera 
Globodera and Heterodera are regarded as serious pests and 
important limiting factors in e.g. potato, rapeseed and 

20 sugarbeet cultivation, respectively. Only a small number of 
resistant crop varieties have emerged from breeding 
programmes for e.g. potato, sugarbeet, tomato, soybean and 
oil radish (Dropkin, 1988, Ann. Rev. Phytopath. 26, 145-161; 
Trudgill, 1991, Ann. Rev. Phytopath. 29, 167-192). The 

25 resistance is often based on single R-genes (Rick & Fobes, 

1974, Tomato Gen. Coop. 24.* 25; Barone et al. 1990, Mol. Gen. 
Genet. 224 . 177-182) and leads to breakdown of resistance 
after several generations (Shidu & Webster, in: Plant 
Parasitic Nematodes, Vol. Ill, 1981, Zuckerman et al . ( eds . ) 

30 Acad. Press, New York, pp 61-87; Turner, 1990, Ann. Appl. 
Biol. 117, 385-397) . 

Plant-parasitic nematodes are obligate parasites. 
Nematodes such as cyst and root-knot nematodes are completely 
dependent on the formation f proper feeding structures 

35 inside the plant root. Th se feeding structures arise from 
single root cells that are selected by th nematode after 
invasion of the root. In th case of cyst nematodes, the IFC 
(initial feeding cell) develops into a syncytium through 
digestion of cell walls and hypertrophy. After infection with 
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a root-knot nematode, the IPC develops into a giant cell 
through several nuclear divisions without cytokinesis and 
becomes metabolically very active. During establishment of 
the feeding structure, the infective juvenile nematode 
5 becomes immobile and loses the ability to move to other 
feeding sites, illustrating their dependance on the induced 
nematode feeding structure (NFS) . 

Clearly, there is a great need for plants with reduced 
susceptibility to plant parasitic nematodes. Current 
strategies to combat pathogens and pests involve expression 
of recombinant DNA encoding a product which has a direct 
interaction with the pathogen or pest. 

EP-A 159 884 teaches the expression in plants of a gene 
encoding an insecticidal toxin of Bacillus thurjnqjensjs . 
15 Once the protein is digested by the insect it binds to a 

receptor in the gastrointestinal tract, eventually resulting 
in the death of the insect. The interaction of the toxin and 
a receptor in the insect is crucial to the toxic effect, 
which may explain the relatively frequent instances of 
20 acquired resistance to the toxin. 

EP-A 303 426 reports that a number of B. thurjngiensjs 
strains act on nematodes. It is therefore not surprising that 
the suggestion is made to identify the genes that encode for 
these nematicidal toxins and express these genes in plants to 
25 protect them from nematodes (EP-A 352 052) . 

However, it is of some concern that the direct interaction 
between toxin and pest is prone to the swift development of 
resistance, as has been reported for B, tfturjng i?nsjs 
endotoxin (Peferoen M. (1991) Agroindustry High-Tech , p. 5- 
30 9. 

It is therefore an object of the present invention to 
provide plants with reduced susceptibility to pathogens and 
pests which avoids the problem of acquired resistance 
altogether. 



35 



SUMMARY OF THE INVENTION 

The present invention provides plants which as a r suit of 
the expression of a recombinant DNA have r duced 
susc ptibility to plant-parasitic nematodes. According to a 
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preferred mbodiment said recombinant DNA causes disruption 

f a nematode feeding structure. In another preferred 
embodiment expression of said recombinant DNA is at least 
$ retarding formation of a nematode feeding structure. 

5 According to a more preferred embodiment said recombinant DNA 
$ comprises ; 

1) a gene-A which upon expression effects disruption of a 
nematode feeding structure, said gene-A being placed under 
the control of a promoter-A that drives expression at least 

10 in the nematode feeding structure, and 

2) a gene-B which upon expression neutralizes the disruptive 
effect of gene-A, said gene-B being placed under the control 
of a promoter-B that drives expression in substantially all 
of the plant's cells wherein gene-A is expressed, with the 

15 proviso that said promoter does not effectively drive 

expression of gene-B in the nematode feeding structure. A 
preferred gene-A encodes bamase, while gene-B encodes 
barstar, and wherein promoter-A is a resident plant promoter 
and promoter-B is obtainable from the CaKV 35S promoter or 

20 the rol D promoter. In another embodiment promoter-A is a 

promoter that is isolated from a plant, or a derivative from 
the said promoter. A preferred promoter according to this 
embodiment is a promoter-A obtainable from the Delta- 
0.3TobRB7-5A promoter or a truncated rol e promoter. 

25 According to another aspect of the invention said 

recombinant DNA comprises a gene inhibitory to an endogenous 
gene that encodes a protein or polypeptide product that is 
essential for formation or maintenance of a nematode feeding 
structure. Preferred according to this aspect of the 

30 invention is a gene-A which produces a RNA transcript that is 
complementary to an endogenous gene transcript encoding a 
protein or polypeptide product essential for formation or 
maintenance of a nematode feeding structure, in particular a 
% gene that is essential for cell viability, and wherein said 

35 gen -B encod s a protein or polypeptide product that 
substitut s the function of th protein or polypeptid 

ncoded by th said endogenous gene. Said neutralizing gene 
is preferably obtainable from a heterologous gene f a 
different species, such as a plant speci s, animal species, 
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or microbial species? preferably a diff rent plant species. 
Highly preferred g nes that are essential t cell viability 
according to this invention are those encoding a protein or 
polypeptide which is selected from the group consisting of 

5 ATP synthase, adenine nucleotide translocator, tricarboxylate 
translocator, dicarboxylate translocator, 2-oxo-glutarate 
translocator, cytochrome C, pyruvate kinase, glyceraldehyde- 
3P-dehydrogenase, NADPH-cytochrome p450 reductase, fatty acid 
synthase complex, glycerol-3P-acyltransf erase, hydroxymethyl- 

0 glutaryl CoA reductase, aminoacyl transferase, transcription 
initiation factor, and transcription elongation factor. 

A preferred plant according to the invention is one from 
the family solanaceae . more preferably golanum tuberosum , 
potato, still more preferred is a potato plant which has 

5 reduced susceptibility to a potato cyst nematode. 

The invention also encompasses plant material, such as 
flowers, fruit, leaves, pollen, seeds, or tubers, obtainable 
from a plant according to the invention. 

The invention also provides methods for obtaining a plant 

0 with reduced susceptibility to a plant parasitic nematode, 
comprising the steps of 

(1) transforming a recipient plant cell with recombinant DNA 
which comprises (a) a gene which when expressed in a nematode 
feeding structure causes disruption thereof and (b) a plant 

5 selectable marker gene, 

(2) generating a plant from a transformed cell under 
selection pressure, 

(3) selecting a transformed plant with reduced susceptibility 
to a plant parasitic nematode. 

0 The invention further comprises a method for obtaining a 
plant with reduced susceptibility to a plant parasitic 
nematode, comprising the steps of: 

(1) transforming a recipient plant cell with recombinant DNA 
which comprises (a) a gene-A which upon xpression effects 
5 disruption of a nematod feeding structure, said g n -A being 
placed under the control of a prom t r-A that drives 
expression at least in the nematode fe ding structure, and 
(b) a gene-B which upon expr ssion neutralizes the disruptive 
effect of gene-A, said gene-B b ing placed und r the control 
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of a promoter-B that drives expression in substantially all 
of the plant's cells vher in gene-A is xpress d, with the 
proviso that said promoter does not effectively drive 
expression of gene-B in the nematode feeding structure, and 
5 (c) a plant selectable marker gene, 

(2) generating a whole plant from a transformed cell under 
selection pressure, 

(3) identifying a transformed plant with reduced 
susceptibility to said plant parasitic nematode. 

0 According to a slightly different embodiment a method for 
obtaining a plant with reduced susceptibility to a plant 
parasitic nematode is provided, comprising the steps of: 

(1) transforming a recipient plant cell with recombinant DNA 
which comprises (a) a gene-B which upon expression 

5 neutralizes the disruptive effect of a gene-A to be 

introduced in step (3) , said gene-B being placed under the 
control of a promoter-B that drives expression in 
substantially all of the plant's cells wherein gene-A is 
expressed, with the proviso that said promoter does not 

0 effectively drive expression of gene-B in a nematode feeding 
structure, and (b) a plant selectable marker, 

(2) generating a whole plant from a transformed cell under 
selection pressure, 

(3) transforming a recipient cell of the plant obtained in 

5 step (2), or progeny thereof, which at least contains gene-B, 
with a recombinant DNA which comprises (c) a gene-A which 
upon expression effects disruption of a nematode feeding 
structure, said gene-A being placed under the control of a 
promoter-A that drives expression at least in a nematode 

!> feeding structure of an infected plant root, 

(4) generating a plant from a cell transformed in step (3) 
under the appropriate selection pressure, 

(5) identifying a plant that has reduced susceptibility to a 
plant parasitic nematode. 

5 A pr ferr d method for transforming a recipient plant cell 
is by coincubating said cell with an Aarobacterium strain 
that c ntains said recombinant DNA. 

The invention further provides recombinant DNA containing 
a plant expressible gen which comprises in sequence: 
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-a promoter-A that drives expression of a downstream gene in 
a nematode fe ding structure, 

-a gene-A which when expressed in a nematode feeding 
structure effects the disruption thereof, and optionally, 
5 -a transcription terminator and a polyadenylation signal 
sequence, 

so linked that the said gene-A is expressed in said nematode 
feeding structure. In a preferred recombinant DNA according 
to the invention said promoter is obtainable from the Delta- 
) o.3TobRB7-5A or the truncated role promoter. Also preferred 
in a recombinant DNA according to the invention is a gene-A 
obtainable from the Barnase gene from Bacillus 

a T"Yl S3 i aciens . 

According to another preferred embodiment a recombinant 

5 DNA is provided wherein the said gene-A is obtainable from a 
host plant and selected from the group consisting of those 
encoding ATP synthase, adenine nucleotide translocator, 
tricarboxylate translocator, dicarboxylate translocator, 2- 
oxo-glutarate translocator, cytochrome C, pyruvate kinase, 

3 giyceraldehyde-3P-dehydrogenase, NADPH-cytochrome p450 
reductase, fatty acid synthase complex, glycerol-3P- 
acyltransferase, hydroxymethyl-glutaryl CoA reductase, 
aminoacyl transferase, transcription initiation factor, and 
transcription elongation factor, 

5 said gene being fused to the said promoter in the reverse 
orientation with respect to the natural orientation in the 
host plant. 

The invention further provides plant transformation 
vectors containing recombinant DNA according to the 
D inventionan, as well as ^obacterium strains containing said 
plant transformation vectors. 

Especially Preferred vectors for use in a process 
according to the invention may be selected from the group 

consisting Of pMOG716, pMOG719, PMOG589, pM0G699, pMOG717, 
5 pM0G711, pM0G712, pMOG713, pM0G714, pMOG715, pMOG718 and 
PMOG720, and derivatives ther of modified in a way not 
ess ntial t the invention. 

The invention further provides methods for reducing damage 
to crops by plant parasitic nematodes by gr wing plants 
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according to the invention. 

According to anoth r aspect of the invention a method for 
reducing damage to crops by plant parasitic nematodes is 
provided which comprises growing a plant that contains a 
5 herbicide resistance gene placed under the control of a 
promoter-B that is expressed in substantially all of the 
plant's root cells wherein gene-A is expressed, with the 
proviso that it does not effectively drive expression in the 
NFS, comprising the steps of 

10 1) growing the said plant, 

2) contacting the roots of said plant with a herbicide. 

The meaning of the expressions used herein, as well as the 
application and the advantages of the invention will become 
clear from the following detailed description of the 

15 invention. 
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BRIEF PfigCRXPTTON Of yRg FIGIffiES 
Schematic representation of the Two-component 
Resistance Strategy as outlined in this 
invention. 

Plasmid pMOG707, intermediate vector 
constructed for cloning purposes. 
Restriction map of fragment from Ti-plasmid 
pTiB6 

Intermediate vector pM0G579 
Binary vector pMOG23 
Binary vector pMOG22 

Binary vector pMOG25. Plasmid containing 35S- 
HPT and 35S-GUS between left and right border 
of the T-DNA. 

Binary vectors pM0G452, pMOG630 & pMOG679. 
These plasmid are derivatives of pMOG23 or 
pMOG22 and contain either a promoterless GUS 
construct, a rolD-promoter/ GUS construct or 
truncated rolC-promot r / GUS construct and a 
plant selectable marker (NPTII or HPT) . 
Binary v ctor pMOG583. This plasmid is a 
derivative f pMOG22 and contains a 35S- 
promoter fused to a Bars tar gene. 
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Figure 13. 



15 



20 



25 



30 Figure 14. 



35 Figure 15. 



- 8 - 



Figure 16. 



Binary vector pM06716. This plasmid is a 
derivative of pMOG22 and contains a xslD- 
promoter fused to a Bar star gene. 
Binary vector pM0G718. This plasmid is a 
derivative of pM0G22 and contains two barstar 
genes, one regulated by a 35S promoter and one 
regulated by a rolD promoter. 
Plasmid pM0G587. Intermediate vector prepared 
for insertion of barnase gene and containing 
the barstar gene with a bacterial promoter and 
a nos— terminator. 

Binary vectors pM0G589, pM0G591, pMOG717 & 
PM0G699. These plasmids are derivatives of 
pM0G23 and contain either a promoterless 
barnase gene directly after the right border 
(pM0G589) , a multiple cloning site for 
insertion of a range of different promoter-A 
type regulatory sequences (pMOG591) , a 
truncated rolC promoter and a barnase gene 
(pMOG717) or a truncated a 0.3 TobRB7 promoter 
and a barnase gene (pMOG699) . To prevent 
possible harmfull effects of the barnase gene 
during cloning procedures in bacteria, either a 
barstar gene with a bacterial promoter can be 
inserted outside the T-DNA borders, or 
alternatively, an intron can be inserted in the 
coding region of the barnase gene. In the 
latter case the pMOG numbers have an i added 
( e.g. pM0G699i) . 

Binary vectors pM0G711 - pM0G715. These 
plasmids are derivatives of pMOG23 and contain 
a truncated a0.3 TobRB7 promoter and an 
antisense construct of a gene that is essential 
for cell viability. 

Binary vector pM0G7l9. This drawing is a 

gen ral illustration of a plasmid that can be 

us d to introduce a h t rologous vital gene, 

r gulat d by a promoter type B. 

Binary v ctor pMOG720. This drawing is a 
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general illustration of a plasmid that contains 
complete antisens /sense two-component system 
for expression in plants to obtain nematode 
4 resistance. 
5 

DETAILED DESCRIPTION OF THE INVENTION 
It has now been surprisingly found that a plant can be 
made less susceptible to a plant-parasitic nematode by 

10 disrupting the nematode feeding structure via the expression 
of a barnase gene under the control of a promoter that is 
active inside the NFS, while the potentially disruptive 
activity to plant cells outside the NFS was shown to be 
effectively impaired by the concurrent expression of barstar 

15 under the control of the CaMV 35S promoter. These plants do 
not have the disadvantage that the plant parasitic nematodes 
can acquire resistance against a toxic substance used for the 
defense, since the direct interaction between the pathogen or 
pest and the toxin does not play a role in the defense of the 

20 plant. 

The following surprising findings illustrate how the 
invention can be worked in a number of alternative ways. 

When the CaMV 35S promoter (Guilley et al . , 1982, Cell 20, 
763-773), which in healthy plants gives rise to high 

25 expression of the GUS gene in root cells and especially the 
vascular cylinder (Benfey et al. (1990) EMBO J. 9, 1677-1684) 
is used to drive the expression of the GUS -gene in nematode 
infected plants, a remarkable absence of GUS-activity is 
observed inside nematode feeding structures (NFS) • This was 

30 tested for three plant species, Arabidopsis , tobacco and 
potato infected with representative species of PPN ( H. 
schachtii , M. incognita , G. tabacum , G. rostochiensis 
respectively) and allowed to form NFS. Other promoters that 
giv rise to high GUS expression in root tissue (Leach & 

35 Aoyagil991, Plant Sci. 79, 69-76) , including pidermis cells 
and root hairs, are the rol e and rol D promoter s guences from 
plasmid pRiA4 of Aarobact rium rhizoaenes (5' flanking r gion 
of open reading frames 12 and 15 respectively, in Slightom et 
al. (1986, J. Biol. Chem. 261, 108-121). Also with these 
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promoters, a surprisingly strong suppressi n of GUS activity 
was obs rv d insid NFS after infecti n with PPN. 

in contrast with the above findings, a truncated version 
of the £olC-promoter derived from the nucleotide sequence 

5 11286 up to 12132 between the open reading frames 11 and 12 
of the TL-DNA from an firp-Qbaeteriinn rhizoqenes plasmid pRiA4 
(Slightom et al . 1986, J. Biol. Chem. 108-121) remains 

active inside the NFS, as was observed after fusion of the 
truncated rolC-promoter to the GUS gene and transformation of 

0 AT-abidoosis with this construct. Apparently, part of the 
promoter is sensitive to down-regulation during NFS 
development and, once this part is removed, the promoter is 
no longer suppressed in the NFS. 

Plants were transformed with a recombinant DNA construct 

5 on a binary vector from Agrofracterjiffl containing a 

promoterless GUS-gene cloned directly adjacent to the right 
border within the T-DNA in the direction pointing away from 
the right border and a second selectable marker. Regenerants 
were grown on selective media, grown to maturity and allowed 

0 to set seed. Plants obtained from the seed were grown and 
after infection and formation of NFS, the roots were assayed 
for GUS-activity. A rather unexpected number of plant lines 
were detected with GUS activity inside the NFS. However, no 
plant lines were found that contain GUS-activity in the NFS 

5 only; all plant lines showed at least some GUS activity in 
non-NFS plant parts. Furthermore, most of the plant lines 
with a promoterless GUS construct that showed GUS activity 
inside the vascular cylinder of healthy roots, also 
demonstrated a down-regulation of GUS activity during 

i0 development of the NFS. 

We conclude that with a reasonable frequency one is 
capable of obtaining plant lines which express any promoter- 
less gene inside th NFS of an infected plant using the 
approach illustrat d with th prom t rless GUS-gene. It can 

15 also b inferr d from these experiments that promot rs that 
are truly specific for the NFS are at least very rare. 

Mor over, the lack of GUS-enzyme activity in the NFS is 
inevitably caused by the down-regulation of the CaMV 35S 
promoter inside the NFS. 
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The findings set out above, i.e. that a promoter which is 
active inside the NFS can with a reasonable frequency be 
tagged using a promoterless gene-construct and the fact that 
the 35S promoter was shown to be down regulated inside the 
5 NFS it was concluded that the mosaic expression patterns can 
be used to obtain plants with reduced susceptibility to PPN 
by the approach outlined below. 

Step I Plants are transformed with recombinant DNA which 
comprises (a) a gene-B coding for a neutralizing substance 

10 such as barstar, fused behind a promoter-B with the property 
that it is in general constitutive but is down-regulated 
during the development of the feeding structure and (b) a 
plant selectable marker. Regenerants on selection media may 
be screened for expression of gene-B using e.g. Western 

15 detection techniques. Plants expressing gene-B are grown to 
maturity and allowed to set seed from which a second 
generation of plant can be generated (T2) . 
Step II The T2 generation is used for a second round of 
transformation, now with recombinant DNA which comprises a 

20 promoterless gene-A coding for a disruptive substance, like 
barnase or a gene inhibitory to a gene essential to cell 
viability according to the invention, cloned directly 
adjacent to the right border within the T-DNA in the 
direction pointing away from the right border, and a second 

25 selectable marker. (The plant selectable marker gene may or 
may not be different from the one used in the first round of 
transformation, depending on whether that gene is still 
present or functional in the T2. Methods to remove or 
inactivate plant selectable markers are known in the art 

30 ( e.g. as disclosed in WO92/01370) . Regenerants are grown on 
selective media, grown to maturity and allowed to set seed 
from which the next generation of plants are grown (T3) . 
Step III The next generation (T3) is screened for decreased 
susceptibility to PPN and, optionally, absence of deviant 

35 growth and development. Due to the randomness of integration 
th second round of transformation occasionally r suits in 
integration of the promoterless gene-A into regions of the 
plant genome that is capable of actively promoting 
transcription of gene-A inside th NFS. The screening after 
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PPN infecti n results in plants that express sufficiently 
g ne-A inside the f ding structur s to prevent full 
development of these structures and which are unable to 
support complete life cycles of PPN, while on the other hand, 

5 a possible expression of gene-A in other areas besides the 
feeding structure is neutralized by the concomittant 
expression of gene-B. 

in more generalised terms the invention provides a method 
for obtaining plants which show a reduced susceptibility to 

0 PPN, comprising the steps of effecting the integration into 
the genome of the said plant of 

1) a gene-A which upon expression effects disruption of a 
nematode feeding structure, said gene being placed under the 
control of a promoter-A that is at least expressed in the 

5 NFS, and 

2) a gene-B which upon expression neutralizes the disruptive 
effect of gene-A, said gene-B being placed under the control 
of a promoter-B that drives expression in substantially all 
of the plant's cells but not effectively in the NFS, and 

0 3) selecting the plants that show reduced susceptibility to 
PPN. 

The advantages and the numerous ways of working the 
invention will be appreciated from the following detailed 
description of the invention. 

5 For the purpose of this invention, it is important to note 
that there are no absolute requirements for each of the 
promoters-A and -B separately, i.e. promoter-B need not be 
active in every plant cell outside the NFS at all stages of 
development but has to be active at least in those plant 

0 cells outside the feeding structure where the promoter-A 
shows leaky activity to such a degree that expression of the 
disruption gene is impairing plant viability in areas outside 
th nematode feeding structur . Likewise, the promoter-A does 
not have to b entirely specific for the NFS as long as 

5 activity in other plant cells at any stage of plant 

development is counteracted by concurrent activity of g ne-B 
products in those cells. Promoter-B may even show som degree 
of leaky activity inside the NFS as long as the expression of 
gene-B is sufficiently low to allow the d trimental ef f ct of 
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gene-A products inside the NFS. 

A suitable promoter-A, that is active inside NFS but 
inactive in as much other tissues as possible can be 
identified using techniques as described in this application. 
5 After identification and isolation of such a promoter-A, it 
can be fused in front of a disruptive gene-A and used in th 
second round of transformation as described in Phase II. The 
resulting plant lines, transgenic both for promoter-A / gene- 
A and promoter-B / gene-B, can be analyzed for reduced 

10 susceptibility to PPN as described in this specification. 

Alternatively, both the constitutive promoter-B / gene-B 
and the NFS promoter-A / gene-A constructs can be placed on 
the same vector and used for a single round of plant 
transf ormation . Regenerants on selective media are grown to 

15 maturity. The next generation of plants can be screened 

directly for decreased susceptibility to PPN and absence of 
deviant growth and development. 

According to another aspect of the invention the NFS- 
specific repression of a constitutive promoter-B according to 

20 the invention may be used to make plants resistant to a 
herbicide or antibiotic, yielding plants that are locally, 
i.e inside the NFS, susceptible to compounds with a 
herbicidal or antibiotic activity. Suitable herbicide 
resistance genes, capable of neutralizing a herbicidal 

25 effect, which are to be fused to a promoter-B according to 
the invention, can readily be selected by those of skill in 
the art; they include, but are not limited to, the herbicide 
resistance genes mentioned as selection marker below. 
Suitable selectable marker genes that can be used to select 

30 or screen for transformed cells, may be selected from any one 
of the following non- limitative list: neomycin 
phosphotranspherase genes conferring resistance to kanamycin 
(EP-B 131 623) , the hygromycin resistance gene (EP 186 425 
A2) the Glutathione-S-transf erase g n from rat liver 

35 conferring r sistance to glutathione derived herbicides (EP-A 
256 223), glutamine synthetase conferring upon overexpression 
resistanc to glutamine synthetase inhibitors such as 
phosphinothricin (W087/05327) , the ac tyl transferase g ne 
from Streotomvces viridochromoaenes conferring resistance to 
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the sel ctive agent phosphin thricin (EP-A 275 957) , the gene 
encoding a 5-enolshikimate-3-phosphate synthase (EPSPS) 
conferring tolerance to N-phosphonomethylglycine, the fear, 
gene conferring resistance against Bialaphos (e^a*. 

5 WO91/02071) , and the like. The actual choice of the marker is 
not crucial as long as it is functional (i^ selective) in 
combination with the plant cells of choice. 

The marker gene and the gene of interest do not necessa- 
rily have to be linked, since co-transformation of unlinked 

0 genes (U.S. Patent 4,399,216) is also an efficient process in 
plant transformation. 

The present invention also provides vectors which comprise 
recombinant DNA for the stable transformation of plants, 
containing: 

5 (a) a screenable gene for studying promoter activity and 
isolating a suitable promoter-A and/or promoter-B (pMOG452) , 
(b) suitable neutralizer genes according to the invention 
under the control of a promoter-B (pMOG583, pMOG716, 
pM0G719) , 

0 (c) disrupter genes according to the invention which either 
have no promoter of themselves and can be used for a second 
round of transformation to become integrated downstream of a 
suitable promoter-A according to the invention resident in 
the genome of a plant which already contains a neutralizer 

5 gene, (pM0G589), or 

(d) disrupter genes according to the invention which are 
under the control of an isolated promoter-A according to the 
invention, (pM0G699, pM0G717, PM0G711, pM0G712, pM0G713, 
pM0G714, pM0G715) which can be used for a second round of 

0 transformation or co-transformation with a vector containing 
a neutralizer gene under the control of a promoter-B 
according to the invention, 

(e) suitable combinations of disrupter and neutralizing genes 
according to the invention, wherein the disrupt r gene may be 

5 promoterless (pM0G7l8) , or downstream of an isolated 

promoter-A, (pM0G718,- pMOG720 and derivatives), which may b 
used to transform plants in a singl round of transformation 
and of which a number has reduced r sistance to plant 
parasitic nematodes. 
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Within the context of this invention , the terms NFS 
disruptive substanc and neutralizing substance embraces a 
series of selected compounds that are encoded by DNA whose 
gene products (either protein or RNA or antisense-RNA) are 
5 detrimental to the metabolism and/or functioning and/or 
viability of NFS or organelles therein and for which 
neutralizing substances are known that are able, when 
expressed simultaneously in the same cell as the disruptive 
substance, to repress the activity of the disrupting 

10 substance. Preferable combinations of disrupting and 
neutralizing substances are e.g. bamase / barstar from 
Bacillus amvloliauefaciens (Hartley, 1988, J. Mol. Biol. 202, 
913-915) , restriction endonucleases / corresponding 
methyl ases such as ScoRI from E.coli (Green et al . . 1981, J. 

15 Biol. Chem. 256 . 2143-2153) and EcoR I methylase or similar 
combinations as described in the review for type II 
restriction modification systems (Wilson, 1991, Nucl. Acid 
Res. 19, 2539-2566) , bacteriocins and corresponding immunity 
proteins, e.g. colicin E3 / immunity protein from E, coli 

20 (Lau et al. 1985, Nucl. Acid Res. 12, 8733-8745) or any 

disruptive substance coding gene which may be neutralized by 
simultaneous production of antisense RNA under control of 
promoter-B, such as DNA sequences encoding Diptheria Toxin 
Chain A (Czako & An, 1991, Plant Physiol. 95, 687-692), 

25 RNAses such as RNAse Tl, ribonucleases or proteases, 

ribozymes against mRNA that code for phytotoxic proteins. 

According to another aspect of the invention combinations 
of disrupting and neutralizing substances comprise 
respectively genes inhibitory to an endogenous gene that 

30 encodes a protein or polypeptide product that is essential 
for cell viability and, as a neutralizing gene, a gene that 
encodes a protein or polypeptide product capable of 
substituting the function of the endogenous protein or 
polyp ptide product. Such disrupt iv genes may be selected 

35 from the group consisting of (a) genes ncoding ribozym s 
against an end genous RNA transcript, (b) genes which when 
transcribed produce RNA transcripts that are complementary or 
at least partially complementary to RNA transcripts of 
ndogenous genes that are essential for cell viability, a 
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meth d known as antis nse inhibition of gen expression 
Cdisclos d in EP-A 240 208) , or (c) genes that when 
transcribed produce RNA transcripts that are identical or at 
least very similar to transcripts of endogenous genes that 
5 are essential for cell viability, an as yet unknown way of 
inhibition of gene expression referred to as co-suppression 
(disclosed by Napoli C. et a±., 1990 , The Plant Cell 2, 279- 
289) . 

According to a preferred embodiment of the invention use 
is made of antisense genes to inhibit expression of 
endogenous genes essential for cell viability, which genes 
are expressed in the nematode feeding structures by virtue of 
a promoter-A fused upstream to the said antisense gene. 

The disruptive effect brought about by the antisense gene 
inhibitory to the vital endogenous gene is neutralized by the 
expression of a neutralizing gene-B under the control of a 
promoter-B according to the invention, said gene-B when 
expressed produces a protein or polypeptide product which is 
identical or similar to the protein or polypeptide encoded by 
the endogenous vital gene and capable of substituting the 
function of the endogenous gene product in the host plant. It 
is preferred that the nucleotide sequence of the RNA 
transcript encoded by the neutralizing gene according to the 
invention is divergent from the endogenous vital gene RNA 
transcript to avoid a possible co-suppressive effect. Hence, 
it is preferred that the neutralizing gene encodes a protein 
or polypeptide with essentially the same function as the 
endogenous vital gene, but through an RNA transcript 
intermediate that is divergent; neutralizing genes which fit 
this description can be suitably obtained by screening a 
database for genes obtainable from a different plant species, 
or even a different non-plant species, such as yeasts, animal 
eukaryot s or prokaryotes. Preferably, the nucleotide 
s guenc identity of the transcripts ncod d by the 
disruptive antisense transgene and th neutralizing sense 
transgene is less than 90%, preferably less than 80%, yet 
more preferably said neutralizing sense transg ne encodes a 
protein or polypeptide gene pr duct that is not identical in 
amino acid s quence to th disrupted gene product and wherein 
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the nucleotide sequence id ntity of the transcripts encoded 
by the neutralizing transg ne is 1 ss than 75%. 

Target genes for antisense disrupter genes are selected 
from those coding for enzymes that are essential for cell 
5 viability, also called housekeeping enzymes , and should be 
nuclear encoded , preferably as single copy genes, although a 
small size gene family would also be suitable for the purpose 
of the invention. Furthermore, the effect of antisense 
expression of said genes must not be nullified by diffusion 

10 or translocation from other cells or organelles of enzyme 
products normally synthesized by such enzymes. Preferably, 
genes coding for membrane-translocating enzymes are chosen as 
these are involved in establishing chemical gradients across 
organellar membranes. Inhibition of such proteins by 

15 antisense expression can not, by definition, be cancelled by 
diffusion of substrates across the membrane in which these 
proteins reside. The translocated compound is not limited to 
organic molecules but can be of inorganic nature; e.g. P, H, 
OH or electrons. 

20 Preferably, the membrane-translocating enzymes should be 
present in organelles that increase in numbers during 
parasitism, thereby illustrating the essential role that such 
organelles have in cells comprising the NFS. Specific 
examples for such organelles are mitochondria, endoplasmic 

25 reticulum and plasmodesmata (Hussey et al. 1992 Protoplasma 
167 :55-65. Magnusson & Golinowski 1991 Can. J. Botany 69;44- 
52). A list of target enzymes is given in Table 1 by way of 
example but the invention is not limited to the enzymes 
mentioned in this table. More detailed listings can be 

30 assembled from series as Biochemistry of Plants (Eds. Stump f 
& Conn, 1988-1991, Vols. 1-16 Academic Press) or Encyclopedia 
of Plant Physiology (New Series, 1976, Springer-Verlag, 
Berlin) • 

Although only in some cases, the genes c ding for these 
35 enzymes have b n isolat d and, ther fore, the numb r of gene 
copies are not known, the criteria that have to be met are 
describ d in this invention. 
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epzyme 

ATP synthase 

adenine nucleotide translocate* 
phosphate translocator 
tricarboxylate translocator 
dicarboxylate translocator 
2-oxo-glutarate translocator 
cytochrome C 



mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 
mitochondrion 



pyruvate kinase 

glyceraldehyde-3P-dehydrogenase 

NADPH-cytochrome P450 reductase 
fatty acid synthase complex 
glycerol-3P-acyltransf erase 



glycolysis 
glycolysis 

lipid metabolism 
lipid metabolism 
lipid metabolism 



hydroxymethyl-glutaryl CoA reductase mevalonic acid pathway 



aminoacyl transferase 
transcription factors 
elongation factors 



nucleic acid metabolism 
nucleic acid metabolism 
nucleic acid metabolism 



To maximize the antisense effects in a plant host, the use 
i of homologous genes is preferred. With homologous is meant 
obtainable from the same plant species as the plant host. 
Heterologous, for the purpose of this specication shall mean 
obtainable from a different plant or non-plant species. 
Heterologous shall also comprise synthetic analogs of genes, 
i modified in their mRNA encoding nucleic acid sequence to 
diverge at least 5% of the host gene. As housekeeping genes 
are in general highly conserved, heterologous probes from 
other (plant) species can be used to isolate the 
corresponding gene from the crop species that is to be made 

> resistant. Such gene isolations are well within reach of 
those skilled in the art and, in view of the present teaching 
r quire no undue exp rimentation. 

To diff rentiate betw en possible target g n s and select 
favourable candidates to engineer nematode r sistance, the 

> following procedure can b appli d by thos skilled in th 
art: via the gene of interest, promoter-sequences can be 
isolated from genomic DNA and used for cloning in front of a 
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marker gene such as GUS (Jeffers n et al. 1987 EMBO J. 
6; 3901-3907) . This xpression construct can then b placed in 
a binary vector suitable for plant transformation, mobilized 
into Acrrobacterium and transferred to the plant genome • 
5 Regenerated plants can then be infected with PPN and used for 
histochemical GUS analysis of entire plants and the feeding 
structures in particular. In case the used promoter sequence 
was originally regulating a gene that is essential for 
nematode development, it should not only be active in large 

10 parts of the plant (for it regulates a housekeeping gene) but 
may be more active inside the feeding structure than in the 
surrounding tissue. One such example is published by Cramer 
(1992, Proc. 31st Ann. Meeting Amer. Soc. Nematologists, 
Vancouver Canada) with the promoter of hydroxy-methyl- 

15 glutaryl CoA reductase (HMGR) . This promoter becomes more 
active in infected root tissue, especially those cells 
involved in feeding the nematode. HMGR is a key (rate- 
limiting) enzyme for a large number of compounds such as 
terpenes and sterols. As PPN are unable to synthesize their 

20 own sterols (Chitwood & Lusby 1991, Lipids 26; 619-627) , they 
are entirely dependent on the plant supply, thus a high HMGR 
is advantagous to the parasitizing nematode. Vice versa, 
down-regulation of this enzyme through antisense expression 
in feeding cells, as in the description of the present 

25 invention, will have severe effects on the development of the 
nematode. 

Alternatively, for the selection of favourable candidates, 
the availability of mutants in unicellular eukaryotes such as 
yeast or Chlamvdomonas can be used as indication. If for a 

30 particular enzyme, a large number of mutants are available 
then it is likely that this enzyme is redundant, present as 
multicopy gene families, or that alternative pathways are 
available to circumvent the mutated enzyme (Strathern, Jones 
& Broach (Eds.) 1981 The molecular biology of the yeast 

35 Saccharomyc s cerevisiae . Cold Spring Harbor Laboratory 
Press, N w York) . Such g n s are less suitable for the 
methods described in this invention. By contrast, mutations 
in enzymes that are usually lethal for the recipient cell and 
ther for rarely available, indicate that an antisens 
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deregulation of such genes will inhibit the proper 
develop* nt of that c 11 and can be used for the approach to 
engineer reduced susceptibility to PPN as desclosed in this 
invention. Gene disruption methods are available to test if a 

5 gene is essential for cell viability in which case the 

disruption event will lethal (Rothstein, 1983 Methods Enzym. 
101 ? 202-211) . The homologous gene can then be isolated from 
the target crop with the yeast gene as a probe. 

The application of this invention is not restricted to 

0 the plant species that are shown by way of demonstration. The 
choice of the plant species is primarily determined by the 
amount of damage through PPN infections estimated to occur in 
agriculture and the amenability of the plant species to 
transformation. Plant genera which are damaged during 

5 agricultural practice by PPN and which can be made 

significantly less susceptible to PPN by ways of the present 
invention include but are not limited to the genera mentioned 
in Table 2. 

Nematode species as defined in the context of the present 
0 invention belong to the superf amily Heteroderoidea and are 
divided among the families w^ei-Qderidae and Meloidogynidae 
and include, but are not limited to the species mentioned in 
Table 2. 

A suitable promoter-A is defined as a promoter that drives 
5 expression of a downstream gene inside the NFS, .at levels 
sufficient to be detrimental to the metabolism and/or 
functioning and/or viability of the NFS, while this promoter 
should preferably, but not necessarily, be inactive in 
tissues outside the NFS; it should at least never be active 
0 outside NFS at such levels that the activity of the 
disruptive substance, encoded by gene-A, can not be 
neutralized sufficiently by products from gene-B. 

A suitable promoter-A can be identified through screening 
of plants, xpr ssing g n -B under the contr 1 of a suitable 
5 promoter-B, said plants having regenerated after a second 
round of transformation with a recombinant DNA construct 
carrying promoterless g ne-A constructs and preferably a 
second sel ctable marker (different from the one on the 
promoter-B / gene-B construct) and analyzing said plants for 
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reduced susc ptibility to PPN. Random integration of the 
promoterless gene-A construct in regions with promoter 
activity will allow, after infection with PPN of the 
transformed regenerants, the selection of plants with 
5 sufficient gene-A expression in the NFS while maintaining a 
normal phenotype in all other plant parts as a result of the 
neutralizing effect of gene-B in tissues outside the NFS. As 
shown by our experiments there is in principle there no need 
to isolate a promoter-A with properties as described in this 

10 invention since the integration procedure works with a 
relatively high frequency. 

This method, as illustrated in a different context 
by Kertbundit et al. . 1991, Proc. Nat. Acad. Sci. USA 88 , 
5212-5216, is especially suitable with Arabidoosis plants 

15 because the small genome yields a relatively high frequency 
of integration in transcriptionally active regions of the 
genome • 

Alternatively, a suitable promoter-A can be isolated 
via genes that are expressed at increased levels inside the 
20 NFS during nematode infection. Such genes can be isolated 
through differential screening of cDNA clones made from mRNA 
extracted from infected and healthy roots as was demonstrated 
for potato (Gurr S.J. et al. 1991, Mol. Gen. Genet. 226 , 361- 
366) • Although such promoters have never been described in 
25 detail, they can be selected and isolated in a well known 
manner from a plant by: 

1. searching for a mRNA which is present primarily 
(although not necessarily exclusively) in infected root 
tissue, 

30 2. isolating this mRNA 

3. preparing a cDNA from this mRNA 

4. using this cDNA as a probe to identify the regions in 
the plant genome which contain DNA coding for this 
specific mRNA 

35 5. identifying and isolating the upstream (5') sequenc s 
from the DNA coding for this specific mRNA and that 
contains the promot r region. 
Pr ferably, the infected ro ts used for mRNA isolation should 
be enriched for NFS e.g. by synchronous infection (Hammond- 



PCT/EP92/02559 

WO 93/10251 

- 22 - 

Xosack et al. 1989 Physiol. Hoi. Plant. Pathol. 35., 495-506) 
or through direct isolation f fe ding structur s from plants 
in which NFS are visible at low magnification. For example 
feeding-structures that develop inside ftrabidopsis roots can 
5 be seen at low magnification and are easy to isolate with a 
minimum of contaminating cells (Sijmons et_al. 1991, Plant J. 
1, 245-254) . This allows the isolation, preferably using 
molecular enrichment procedures (Dickinson ska^, 1991 Adv. 
Mol. Gen. Plant-Microbe Interact. 1 276-279) of genes 

10 corresponding to these UNA'S and subsequent isolation of 
upstream promoter elements. Once identified, similar genes 
can be isolated from other plant species when the identif xed 
gene is used as a probe as in step 4. Species-specific 
upstream sequences can than be isolated from these other 

15 plant species for use in a similar strategy as described in 
this invention. Upstream sequences of identified genomxc 
clones can be fused to a gene-A for insertion in a suitable 
expression vector for plant transformation such as pMOG22 or 
pHOG23 . 

20 Alternatively, suitable promoters for expression of gene-A 
can be isolated via interposon tagging (Topping ££_§!-, 1991, 
Developm. 112., 1009-1019) . In this approach, a number of 
different transgenic plants are regenerated after 
transformation with T-DNA from ftgrobapteriffln carrying 

25 promoterless GUS constructs such as described by Topping et 
Si. (1991, Developm. 112, 1009-1019) or pM0G452 as described 
in the Examples. After infection with a root-knot or cyst 
nematode and allowing some development of the NFS, roots can 
be stained for GUS activity. The random integration of the T- 

30 DNA enables the identification of promoter sequences that are 
active primarily in the NFS or are e^ root-specific but 
remain active inside the NFS. This type of interposon tagging 
of promoter s quences is especially well established in 
A^bidopsis (Kertbundit et H. , 1991, Proc. Nat. Acad. Sci. 

35 USA Mr 5212-5216) and tobacco (Topping et al . , 1991, 
Developm. 112., 1009-1019). The 5' upstream sequences 
r sponsible for GUS expression can be isolat d with inverted 
polymerase chain reaction (inverted PCR) (Does *fcjl-_lMl, 
Plant Mol. Biol. 12, 151-153). Once suitabl r gulatory 
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sequences are identified or genes that are transcribed inside 
NFS r they can be used as probes for the isolation of 
homologous sequences from other plant species. In turn, these 
sequences from other species can be fused to a gene-A for 
5 insertion in a suitable vector for plant transformation. 

Alternatively, a suitable promoter-A is made from a truncat d 
version of the rolOpromoter derived from the nucleotide 
sequence 11286 up to 12132 between the open reading frames 11 
and 12 of the TL-DNA from an Aarobacterium rhiz oaenes plasmid 

10 pRiA4 (Sliahtom et al . 1986, J. Biol. Chem. 261, 108-121). 
Similarly, promoters identified through the above described 
interposon tagging technique that show specificity for root 
vascular tissue but are suppressed during NFS development, 
can be made insensitive to NFS suppression by removing those 

15 parts of the promoter that are responsible for the down- 
regulation as is shown with the truncated version of the rol e 
promoter. Such mutated promoter sequences then become 
suitable for use as promoter-A. 

Alternatively, the following promoter sequence can be used 

20 as promoter-A; a truncated version of a tobacco root-specific 
promoter A0.3TobRB7 (Yamamoto et al, 1991 Plant Cell 3.; 371- 
382) . The full length sequence of the TobRB7 promoter is 
highly active inside NFS and this activity becomes more 
specific for the NFS when the truncated a 0.3 version of the 

25 promoter is used (Taylor et al. 1992, Proc. 31st Ann. Meeting 
Amer. Soc. Nematologists, Vancouver Canada) • 

Alternatively, promoters that are active in root vascular 
tissue or other plant parts and become more active 
specifically in the NFS ( e.g. hydroxy-methyl-glutaryl CoA 

30 reductase promoter; Cramer 1992, Proc. 31st Ann. Meeting 

Amer. Soc. Nematologists, Vancouver Canada) can also be used 
as promoter-A, as long as the activity outside the NFS is 
never higher than the activity of promoter-B. 

A suitable promoter-B is defined as a promoter that drives 

35 expression in substantially all c lis wherein gene-A is 

expressed, with the proviso that it does not drive expression 
inside a nematode feeding structure, or not effectively. 
(With 'substantially all c lis' is meant at least those cells 
that should be viable in rder to get normal plant growth and 
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or develop* nt requir d for com* rcial xploitation of such 
plants. (As an illustration of plants in which the disruptive 
effect is not neutralized in exactly all cells of the host 
plant and which are nevertheless viable and suitable for 
5 commercial exploitation, are those which express a disrupter 
gene according to this invention in stamen cells; this may 
yield male-sterile plants, which is even regarded as a 
commercially attractive trait in some crops) . Promoter 
sequences are regulatory sequences active in directing 
transcription in plants and can be obtained from plants or 
plant viruses, or may be chemically synthesized. The 
regulatory sequences may also include enhancer sequences, 
such as found in the 35S promoter of CaMV (Kay et al- r 1987, 
Science 226_, 1299-1302) , and mRNA stabilizing sequences such 
as the leader sequence of Alfalfa Mosaic Virus RNA4 
(Brederode et al. . 1980, Nucl. Acids Res. 8, 2213-2223) or 
any other sequences functioning in a like manner. 

Alternatively, to provide for expression in all or 
effectively all plant tissues, a promoter-B/gene-B can be 
complemented with a second promoter-B '/gene-B having a 
expression pattern complementary to promoter-B/gene-B, with 
the proviso that neither promoter-B nor promoter-B' drives 
expression in the NFS. Also hybrid promoters, comprising 
(parts of) different promoters combined as to provide for the 
required expression pattern as defined herein, fall within 
the scope of the present invention. 

Preferebly, promoter-B is the Cauliflower Mosaic Virus 35S 
promoter or derivatives thereof, which is generally 
considered to be a strong constitutive promoter in plant 
tissues (Odell et al. 1985 Nature 313, 810-812) . Another 
preferred example for promoter-B is the strong root promoter 
rolD (Leach & Aoyagi 1991 Plant Sci. 29_; 69-76) from plasmid 
pRiA4 of A grobacter * "™ rhizoaenes ? the 5' flanking region of 
ORF15 (Slightom et al. 1986, J. Biol. Chem. 261, 108-121) . 
The suitability of other constitutive promoters such as the 
nopaline synthase promoter (Bevan, 1984, Nucl. Acids Res. A2_, 
8711-8721) or figwort mosaic virus promoter (EP-A 426 641) 
for use as promoter-B can be t sted through fusion to marker 
genes such as GUS (J fferson, 1987, Plant M 1. Biol. Reporter 
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5, 387-405) , transfer of these constructs to plants and 
histoch mical analysis of such transg nic plants after 
infection with PPN. 

Other regulatory sequences such as terminator sequences 
5 and polyadenylation signals include any such sequence 

functioning as such in plants, the choice of which is within 
the level of skill of the average skilled person in the art. 
An example of such sequences is the 3 9 flanking region of the 
nopaline synthase (nos) gene of Aarobacterium tumefaciens 

10 (Bevan, 1984, Nucl. Acids Res. H, 8711-8721). 

According to another embodiment of the invention a method 
is provided for reducing damage to crops by plant parasitic 
nematodes, which comprises growing plants that contain a 
herbicide resistance gene placed under the control of a 

15 promoter-B that is expressed at least in the roots of the 
plants, but not effectively in the nematode feeding 
structure, comprising the steps of 

1) growing the said plants, 

2) contacting the roots of said plants with a herbicide. 
20 For this embodiment of the invention, the requirements for 

expression of gene-B, are more strict, i.e. it must be 
expressed in all cells that are contacted with the herbicid , 
except the NFS. For this purpose, promoter-B can be 
complemented with a second constitutive promoter-B' (linked 

25 to another or the same copy of gene-B) provided that 
promoter-B' is also not expressed in the NFS. Suitable 
examples for this embodiment of the invention include, but 
are not limited to herbicides e.g. the class of compounds 
named sulfonylureas (Mazur & Falco, 1989, Ann. Rev. Plant 

30 Physiol. 40, 441-470). The example used in this invention 

(hygromycin resistance gene under control of 35S promoter and 
subsequent growth and infection in hygromycin-containing 
medium) is merely to demonstrate the feasibility of this 
approach. The choice of the herbicide for agricultural use is 

35 primarily d termined by the availability of a herbicide 
r sistance gene, the cost and environmental ffects of the 
herbicide, its suitability for formulation, either for soil 
injection or for spraying, the mobility in soil and the 
ability t reach and affect cells comprising the NFS, the 
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mobility in plant tissues and the ability to r ach NFS cells 
when sprayed above soil. 

As several nematode species show a wide host range and can 
parasitize on a large number of different plant species, and 

5 also because the feeding structures in different plant 

species show a high degree of similarity, it is expected that 
the down-regulation (i^ absence of activity) of promoters 
such as CaMV 35S or other promoters that fit the description 
of a constitutive promoter as described in this invention 

) will occur in a wide range of plant species besides the 
examples shown in this invention. The invention is not 
limited to the species that are shown by way of 
demonstration. The choice of the plant species is primarily 
determined by the amount of damage through PPN infections 

5 estimated to occur in agriculture and the amenability of the 
plant species to transformation. Plant genera which are 
damaged during agricultural practice by PPN and which can be 
made significantly less susceptible to PPN by ways of the 
present invention include but are not limited to the genera 

!> mentioned in Table 2. 

Nematode species as defined in the context of the present 
invention include all plant-parasitic nematodes that modify 
host cells into specially adapted feeding structures which 
range from migratory ectoparasites (e^ Eiphinema S pp.) to 

5 the more evolved sedentary endoparasites (e^ fleteroderidae , 
MAioidoavnae or Egtyj enehulinael . A list of parasitic 
nematodes are given in Table 2, but the invention is not 
limited to the species mentioned in this table. More detailed 
listings are presented in Zuckerman e£ si. (eds., in: Plant 

0 Parasitic Nematodes, Vol. I 1971, New York, pp. 139-162). 

The methods according to the invention to combat damage to 
crops due to nematode invasion is likewise applicable with 
non-nematode pests and pathogens, whenever said pathogen or 
pest 1 cally down-regulates plant promoters at the site of 

5 infestation (e^ in fungi-induced haustoria or aphid-induced 
galling) . The principle of effecting the production of a 
neutralizing substance in all or most of the non-infestated 
plant parts to neutralize a cell disruptive substance the 
production of which is effected in at least the site of 
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infestation, is independent of the type or species of the 
pathogen r pest. 



10 



TABLE 2 

EXAMPLES OF PLANT- PARAS I TIC NEMATODES AND THEIR 
PRINCIPAL HOST PLANTS 

Nematode Species Principal Host Plants 



Meloidoovne 

M. hapla 

M. incognita 

M. exigua 

15 M. indica 

M. javanica 

M. africana 

M. graminis 

M . graminicol a 

20 M. arenaria 



wide range 
wide range 

coffee, tea, Capsicum, Citrullus 

Citrus 

wide range 

coffee 

cereals, grasses 
rice 

wide range 



Heterodera & Globodera 





H. 


mexicana 


Lycopersicon esculentum, Solanum spp. 




H. 


punctata 


cereals, grasses 


25 


6. 


rostochiensis 


Solanum tuberosum, Solanum spp, 
Lycopersicon esculentum 




G. 


pallida 


Solanum tuberosum 




G. 


t aba cum 


Nicotiana tabacum, Nicotiana spp. 




H. 


cajani 


Cajanus cajan, Vigna sinensis 
Glycine max, Glycine spp. 


30 


H. 


glycines 




H. 


oryzae 


Oryza sativa 




H. 


schachtii 


Beta spp, Brassica spp, 
Tri folium spp. 




H. 


trifolii 




H. 


avenae 


cereals, grasses 


35 


H. 


carotae 


Daucus carota 




H. 


cruciferae 


Cruciferae 




H. 


goettingiana 


Pisum sativum, Vicia spp. 



40 Within the context of this invention, a plant is said to 

show reduced susceptibility to PPN if a statistically 
significant decrease in the number of mature females 
developing at the surface of plant roots can be observed as 
compared to control plants. Susceptible / resistance 

45 classification according to the number of maturing females is 
standard practice both for cyst- and root-knot nematodes 
( e.g. LaMondia, 1991, Plant Disease 75, 453-454; Omwega et 
al, . 1990, Phytopathol. 80, 745-748). 

Th basic principl of reducing the plant x s 

50 susc ptibility to plant parasitic nematodes according to the 
invention is the manipulation of the nematode feeding 
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structure. Manipulation of the nematod f ding structure for 
the purp se of this d scription of the invention shall 
include both preventing or retarding NFS formation as well as 
disruption once formation of the NFS is in an advanced stage. 

It is preferred to prevent or retard formation of the 
NFS, j^. during the first stages of nematode invasion; to 
that end the NFS disruptive gene-A must be under the control 
of a promoter-A that drives expression at the onset of NFS 
) formation. 

However, in principle, it will also be acceptable if a 
disruptive gene-A is under the control of a promoter-A that 
drives expression of the disrupter gene-A in a more advanced 
stage of NFS formation causing the NFS to decline or to 

5 collapse. Either of these two extremes will provide the 
infected plant with decreased susceptibility towards the 
invading nematode. For the purpose of this invention the 
expression -disruption of the NFS- shall include retardation 
of NFS formation, decline of NFS formation once formed, or in 

5 the process of being formed, as well as total collapse of the 
NFS formed. 

Reduced susceptibility to a plant parasitic nematode may 
be the result of a reduction of the number of NFS of the 
infected plant root, a reduction in the advancement of NFS 
5 formation, or a combination of both effects. 

A nematode feeding structure according to the present 
invention shall include an initial feeding cell, which shall 
mean the cell or a very limited number of cells destined to 
become a nematode feeding structure, upon induction of the 

0 invading nematode. 

A NFS disruptive effect according to the invention is 
not limited to adverse effects on the NFS only; also 
disruptive effects ar contemplated that in addition have an 
adverse ff ct on nematode dev lopment by way of direct 

5 interaction. 

Several t chnigu s are available for the introduction of 
recombinant DNA containing the DNA s guences as described in 
the present inv ntion into plant hosts. Such t chnigues 
include but are not limited to transformation of protoplasts 
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using the calcium/polyethylene glycol method , electroporation 
and microinjection or (coated) particle bombardment 
(Potrykus, 1990, Bio/Technol. 8, 535-542). 

In addition to these so-called direct DNA transformation 
5 methods, transformation systems involving vectors are widely 
available, such as viral vectors (e.g. from the Cauliflower 
Mosaic Virus (CaMV) and bacterial vectors (e.g. from the 
genus Aarobacterium ) (Potrykus, 1990, Bio/Technol. 8, 535- 
542). After selection and/ or screening, the protoplasts, 

10 cells or plant parts that have been transformed can be 

regenerated into whole plants, using methods known in the art 
(Horsch et aL , 1985, Science 225 , 1229-1231). The choice of 
the transformation and/or regeneration techniques is not 
critical for this invention. 

15 According to a preferred embodiment of the present 

invention use is made of so-called binary vector system 
(disclosed in EP-A 120 516) in which Aarobacterium strains 
are used which contain a helper plasmid with the virulence 
genes and a compatible plasmid, the binary vector, containing 

20 the gene construct to be transferred. This vector can 

replicate in both E.coli and in Aarobacterium : the one used 
here is derived from the binary vector Binl9 (Bevan, 1984, 
Nucl. Acids Res. 12, 8711-8721). The binary vectors as used 
in this example contain between the left- and right-border 

25 sequences of the T-DNA, an identical NPTII-gene coding for 
kanamycin resistance (Bevan, 1984, Nucl. Acids Res. 12, 8711- 
8721) and a multiple cloning site to clone in the required 
gene constructs. 

The transformation and regeneration of monocotyledonous 

30 crops is not a standard procedure. However, recent scientific 
progress shows that in principle monocots are amenable to 
transformation and that fertile transgenic plants can be 
regenerated from transformed cells. The development of 
r producible tissue culture systems for these crops, together 

35 with th powerful methods for introduction of genetic 

material into plant cells has facilitated transformation. 
Presently, preferred methods for transformation of monocots 
are microprojectile bombardment of explants or suspension 
c lis, and direct DNA uptake or electroporation (Shimamoto, 
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et a i , 1989, Natur 221, 274-276). Transg nic maize plants 
have been obtained by introducing the Streptomyc s 
hygroscopicus bar gene r which encodes phosphinothricm 
acetyltransferase (an enzyme which inactivates the herbicide 

5 phosphinothricin) , into embryogenic cells of a maize 

suspension culture by microparticle bombardment (Gordon-Kamm, 
1990, Plant Cell, 2, 603-618). The introduction of genetic 
material into aleurone protoplasts of other monocot crops 
such as wheat and barley has been reported (Lee, 1989, Plant 

0 Mol. Biol. 13, 21-30). Wheat plants have been regenerated 
from embryogenic suspension culture by selection only the 
aged compact and nodular embryogenic callus tissues for the 
establishment of the embryogenic suspension cultures (Vasil, 
1990 Bio/Technol. S_, 429-434). The combination with 

5 transformation systems for these crops enables the 

application of the present invention to monocots. These 
methods may also be applied for the transformation and 
regeneration of dicots. 

The following examples are given only for purposes of 

0 illustration and do not intend to limit the scope of the 
invention. Unless otherwise stated in the Examples, all 
procedures for manipulating recombinant DNA were carried out 
by using standard procedures as described in Sambrook e£_aJU 
(Molecular Cloning, A laboratory Manual 2nd Edition, Cold 

5 Spring Harbor Laboratory (1990) . 

pnnst-ruction of interpolate vectors 
a) Consfr"igtion of PMOG18 

0 A detailed description for the construction of the 

expression vector pM0G18 is given in Pen et al. (1991) Eur. 
Pat. Appl. 0 449 375 A2. This construct the Cauliflower 
Mosaic Virus (CaMV) 35S promoter with a double enhancer 
sequence, the leader sequence of RNA4 from Alfalfa Mosaic 

15 Virus (A1MV) , the gene encoding 6-glucuronidase (originating 
from plasmid pRAJ275; (Jefferson, 1987, Plant Mol. Biol. 
Reporter 5_, 387-405) followed by the nopaline synthase (n s) 
transcription terminat r. The entire expr ssion construct is 
present as an icoRI/fiiJldlll fragment in pM0G18. 
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bY C instruction f PMOG180 

The expression v ctor pMOG180 is a derivative of pMOG18 
wherein the gene coding for GUS is removed; other genes can 
be inserted between the A1MV RNA4 leader and 3 7 nos 
5 terminator as a BamHI fragment. 

For this purpose, the EcoR I/ Nco l fragment from pMOG18, 
containing the 35S promoter and A1MV RNA4 leader sequences is 
synthesized by PCR amplification using as primer sets 5' 
GTTTCTACAGGACGGAGGATCCTGGAAGTATTTGAAAGA 3' (SEQIDNO:l) and 5' 

10 CAGCTATGACCATGATTACG 3 ' (SEQIDNO:2) thus mutating the Ncol 
site into a BamH I site. pMOG18 vector is then cut with Eco RI 
and Bam HI after which the newly synthesized EcoR I / BamH I 
fragment is ligated between these restriction sites. To 
circumvent PCR-induced random mutations in the promoter 

15 sequences, the EcoR I / EcoR V fragment in the PCR synthesized 
EcoR I/ BamH I fragment is replaced by wildtype sequences from 
pMOG18. The short EcoR V/ BamH I fragment is checked for 
mutations by sequencing. The resulting expression vector is 
plasmid pMOG180. 

20 

c) Construction of PMOG707 

A cloning vector pMOG707 is constructed, containing a 
right border T-DNA sequence, a multiple cloning site and a 
terminator for the purpose of cloning different promoter/gen 

25 combinations on a suitable fragment. This vector is 

constructed in the following manner: in the cloning vector 
pMTL26 (Chambers et al . 1988 Gene 68, 139-149) the Xhol site 
is removed by Xho l digestion, blunt-ended with Klenow 
polymerase followed by religation, resulting in pMTL26/2. 

30 This modified pMTL vector is used to clone the EcoRI - Bal l I 
fragment from pMOG23, containing the multiple cloning site 
and the right border sequences, resulting in pM0G584bis. The 
polyl inker sequence is extended by inserting a synthetic 
linker between the BamH I and Xho l site, thus creating 

35 additional Nco l. Xho l and Xbal sites. Subsequently, th 

nopal ine synthase transcription terminator is isolated as a 
BamH I/ Hin dl I I fragment from the plasmid ROK1 (Baulcombe et 
al. 1986, Nature 321; 446), ligated to a synthetic adaptor 
such that the Hindlll site is not recovered and an EgoRI site 
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is introduc d and subs quently cloned int the extended 
P MOG584bis as a BamHI - ESQRI fragment, r suiting in plasmid 
pMOG707 (Figure 2) . 

5 fiyarople 11 

n^mc+Aon of ftarohacteriiirn strain tfOGXOl 
A binary vector system was used to transfer gene 
constructs into ftrabidPPgis P^ts. hel P er Pl as » id 
containing the p-p— *™*f»ciens virulence functions 
was derived from the octopine Ti-plasmid P TiB6. MOG101 is a 
^^^^ ^^aeiens strain carrying a non-oncogenxc Ti- 
plasmid from which the entire T-region was deleted and 
substituted by a bacterial Spectinomycin resistance marker 
from transpososn Tn 1831 (Hooykaas §L^U. ^BO Plasmid 4, 

i 64-75). 

The Ti-plasmid pTiB6 contains two adjacent T-regions, TL 
(T-left) and TR (T-right) . To obtain a derivative lacking the 
TL- and TR-regions, we constructed intermediate vector 
PMOG579. Plasmid pM0G579 is a pBR322 derivative, which 
i contains the 2 Ti-plasmid fragments that are located to the 
left and right, outside the T-regions (Figure 3) . The 2 
fragments (shown in dark) are separated in pM0G579 (Figure 4) 
by a 2.5 kb lamHT -fiindlll fragment from transposon Tnl83l 
(Hooykaas sfe_aJU, 1980 Plasmid A, 64-75) carrying the 
i spectinomycin resistance marker (Figure 4) . The plasmid was 
introduced into frrrr-nbaeterii™ t-umefaciens strain LBA1010 
[C58-C9 (pTiB6) = a cured C58 strain in which pTiB6 was 
introduced (Koekman et al. 1982, Plasmid 1, 119-132)], by 
triparental mating from E.coli, using HB101 containing 
) pRK2013 as a helper. Transconjugants were selected for 
resistance to Rifampicin (20 mg/1) and spectinomycin (250 
mg/1) . A double recombination between pMOG579 and pTiB6 
resulted in loss of carb nicillin resistance (the pBR322 
marker) and deletion of the entir T-region. Of 5000 
> spectinomycin resistant transconjugants r plica plated onto 
carbenicillin (100 mg/1) containg medium, 2 were found 
sensitive. Southern analysis showed that a double crossing 
over event had deleted the entire T-region (n t shown) . The 
resulting strain was call d MOG101. This strain and its 
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construct i n is analogous to strain GV2260 (Deblaere et ah 
1985, Nucl. Acids Res. 13, 4777-4788). 



5 Example III 

Construction of binary vectors 

a) Construction of pMOG23 

In this example the construction of the binary vector 
pMOG23 (in E. coli K-12 strain DH5alpha, deposited at the 

10 Centraal Bureau voor Schimmel-cultures on January 29, 1990 
under accession number CBS 102.90) is described. 

The binary vector pMOG23 is a derivative of vector Binl9 
(Bevan, 1984, Nucl. Acids Res. 12 , 8711-8721). To obtain 
pHOG23, the vector Binl9 is changed in a way not essential 

15 for the present invention, using techniques familiar to those 
skilled in the art of molecular biology. 

First, the positions of the left border (LB) and the 
right border (RB) are switched with reference to the 
neomycine phosphotransferase gene II (NPTII gene) . Secondly, 

20 the orientation of the NPTII gene is reversed giving 

transcription in the direction of LB. Finally the poly linker 
of Binl9 is replaced by a polylinker with the following 
restriction enzyme recognition sites: EcoRI, Smal, BamHI, 
Jfoal, Sad. Xhol and Hindlll (Figure 5). 

25 

b) Construction of PMOG22 

The binary vector pMOG22 is a derivative of pMOG23 
wherein the NPTII gene is replaced with a hygromycin 
resistance gene (HPT, hygromycin phosphotransferase, taken 

30 from plasmid PLG90; Van den Elzen et al . . 1985, Plant Mol. 
Biol. £>, 299-302) using techniques familiar to those skilled 
in the art of molecular biology. pMOG22 construction is 
described in detail in Cornelissen et al. (1991, Eur. Pat. 
Appl. 0 440 304 Al) and is deposited in E. coli K-12 strain 

35 DHSalpha at the Centraal Bureau voor Schimmel-cultures on 
January 29, 1990 under acc ssion number CBS 101.90 (Figure 
6). 



c) Construction of PMOG25 & DMOG28; binary vectors containing 
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fc frg ttifi promo ^ftr and frfta eps 

The isfiRI/Eiadlll fragm nt from pM0G18 is clon d into the 
polylinker of pMOG22 and pMOG23, resulting in binary plasmids 
pMOG25 (Figure 7) and pH0628 respectively. 

5 

a ) cansfcrjiafcian pwqc452; a binary vector containing a 

P^^Ibss GPS aene 

The gene coding for GUS fused to a 3'nos terminator 
sequence but without any 5' regulatory promoter sequences was 
10 cloned as a EcoRI - fiamHI fragment from pBHOl plasmid 

(Jefferson, 1987, Plant Mol. Biol. Reporter 5, 387-405) into 
the multiple cloning site of binary vector pMOG23, resulting 
in binary plasmid pM0G452 (Figure 8) . 

15 t>\ Construction of PMOG630? a binary vector containing the 

t-qID promo ter and the GUS gene. 

The 373 bp 5' flanking region of rolD of plasmid pRiA4 

(Leach & Aoyagi 1991, Plant Sci. 21, 69-76) is cloned in 

front of the GUS gene of plasmid pM0G452 using standard 
20 cloning techniques, resulting in binary plasmid pMOG630 

(Figure 8) . Very similar constructs for analysis of £2lD 

promoter activity are described in. 

•F) rrm struct ion of PM0G679; a bi nary vector containing a 

25 truncated role promoter an d the GUS gene 

A truncated version of the rpiC-promoter derived from 
the nucleotide sequence 11286 up to 12132 between the open 
reading frames 11 and 12 of the TL-DNA from an Aqrobacterjum 
rhizoaenes plasmid pRiA4 (Slightom et al. 1986, J. Biol. 

30 Chem. 261, 108-121) is isolated from plasmid pRiA4 using 
standard PCR technology in such a manner that the truncated 
rol C promoter sequence is amplified with a lamHT site created 
on both sides of the sequence. This amplified fragment is 
then fused to the GUS gene of plasmid pM0G452 resulting in 

35 binary plasmid pM0G679 (Figure 8) . The orientation of the 
truncated rolC promot r in r lation to the GUS g n is 
checked with r striction analysis. 



g) Constriction of pmqg583? a binary vector containing the 
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35S promoter and a Bar star qepe 

The barstar gene from pacjUus jHnylo;iiqu?f3Piens is 
derived from plasmid pMT316 (Hartley, 1988 , J. Mol. Biol. 
202 , 913-915) . The plasmid pMT316 is linearized with fiindlll 
5 followed by ligation in the presence of a synthetic adaptor, 
thus replacing the Hin dlll restriction site with a JJamHI 
restriction site. The barstar gene is then isolated as a 
BamH I fragment and cloned into the j&mHI site of pMOG180. The 
entire expression construct is then cloned as a EcoRI/ Hind lll 
10 fragment into the multiple cloning site of the binary vector 
pMOG22, resulting in plasmid pM0G583 (Figure 9). 

h) Constructio n of PMOG716: a binary vector containing the 
rolD promoter and a Barstar gene 

15 The barstar gene from Bacillus amyloliquefaciens is 

derived from plasmid pMT316 (Hartley, 1988, J. Mol. Biol. 
202 , 913-915) . The plasmid pMT316 is linearized with Hin dlll 
followed by ligation in the presence of a synthetic adaptor, 
thus replacing the Hin dlll restriction site with a BamH I 

20 restriction site. The barstar gene is then isolated as a 
BamH I fragment and cloned before the nopal ine synthase 
terminator into the BamH I site of pMOG707. The 373 bp 5' 
flanking region of rol D of plasmid pRiA4 (0RF15 in Slightom 
et al. 1986, J. Biol. Chem. 261, 108-121) is then cloned in 

25 front of the barstar gene after which the entire cassette is 
transferred to pMOG22, resulting in binary vector pM0G716 
(Figure 10) . 

i) Construction of pM0G718; a binary vector containing two 
30 barstar g enes regulated bv a 35S and a rolD promoter 

respectively. 

The 35S-Barstar and rol D-Barstar fragments, as described in 
Examples III g & h respectively, can also be used to 
construct a binary vector containing two barstar g nes, each 
35 r gulated by a different promoter of type B, b th fused to a 
t rminator functional in plant cells. For this purpose, the 
promoter-Barstar-terminator fragments can be used by someone 
skilled in the art for tandem cloning in pMOG23, resulting in 
binary vector pMOG7l8 (Figure 11) • 
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i) r ngfegactiga «f a ffi ssaai » binary vector containing a 

rr r>inoi:erl ?«g Barnase gene. 

From pMOG23, the EcoRI - lain fragment is isolated, 
containing the multiple cloning site and the right border 

5 sequences, and cloned into pMTL26/2 (Example Ic) resulting in 
PMOG584. Subsequently, the nos terminator is isolated from 
PMOG18 as a EamHI - Hindlll fragment, ligated to a synthetic 
adaptor such that the Hiadlll site is not recovered and an 
EcoRI site is introduced and subsequently cloned into pMOG584 

0 as a BamHI - EcoR I fragment, resulting in pMOG585. 

To overcome potential leaky activity of the barnase gene 
in bacteria, a gene encoding barstar under the control of a 
bacterial promoter is cloned into vectors, outside the T-DNA 
in case of binary vectors. For this purpose, the plasmid 

5 pMT316 (Hartley, 1988, J. Mol. Biol. 202, 913-915) is 
linearised with EcoRI and a synthetic adaptor is ligated, 
such that the EcoRI site is not recovered and a Hindlll site 
is introduced. This modified fragment is then cloned as 
Hindlll fragment into vector pMTL24 (Chambers et al . 1988, 

0 Gene 68, 139-149), thus creating pMOG586. The Siol and BamHI 
sites present in the £ac promoter region are removed by 
blunt-ending these sites with Klenow polymerase. The £as / 
Barstar sequence is isolated as a Sfifel fragment and inserted 
into plasmid pMOG585 in the £phl site between the right 

5 border and the SgJLII site, resulting in plasmid pMOG587 
(Figure 12) . 

The bamase gene from Bacillus amvl oliauef aciens is 
derived from plasmid pMT4 16 (Hartley, 1988, J. Mol. Biol. 
2Q2 . 913-915) . The gene coding for mature barnase is 

0 amplified using PCR technology with a primer set that 

introduces a Xhol restriction site and ATG at the 5' site of 
barnase and a BamH I site at the 3* site. This fragment is 
sequenced to check for the correct coding sequence of barnase 
and ligated into pM0G587 that was lin ariz d with BamHI and 

5 2iOl resulting in pMOG588. Both pMOG23 and pMOG588 are 

digested with IsfiRI and Sglll and the resulting fragm nts are 
ligated and linearized again with figLII. Fragm nts of th 
correct size are ligated into sglll-digested pMOG23 to form 
the binary vector pM0G589 (Figure 13) . 
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Alt rnativ ly, to overcome potential leaky activity of 
the barnase gene in bact ria, an intron can be introduced 
into the barnase coding sequence as described below; 
the Barnase gene is now isolated from plasmid pMT416 by PCR, 
5 using the following primer combination; 5' primer: 5' 
CTGCTCGAGCCTAGGCACAGGTTATCAACACGTTTG 3 1 ( SEQIDNO : 3 ) 

3' primer: 5' CGGACTCTGGATCCGGAAAGTG 3' (SEQIDNO: 4) 
hereby introducing both a Xho l and an Avr ll site at the 5' 
end of the gene and a BamH I site at the 3* end. This fragment 
10 is subcloned as Xho l / BamH I fragment into pMOG707. The 2nd 

intron of ST-LS1 from Solanum tuberosum was isolated by a PCR 
on plasmid p35S GUS INT (Vancanneyt et al. 1990 f Mol Gen 
Genet 22£:245-250) thereby introducin g Avr ll sites at both 
ends of the intron. This intron was inserted as Avrll 
15 fragment in the Barnase gene. The Barnase gene including the 
intron was re-isolated from this plasmid by PCR using the 
following primers; 

5' primer: 5' CTTACTCGAGCCATGGTAAGTTTCTGC 3' 
(SEQIDNO: 5) 

20 3' primer: 5' CGGACTCTGGATCCGGAAAGTG 3' (SEQIDNO: 6) 

thereby introducing a startcodon upstream of the ST-LS1 
intron sequence. This fragment is then subcloned as 
Xho l / BamH I fragment into pMOG707 which is linearized with 
BamH I and partially cut with Xhol (thus the Xbal site is 

25 retained in the polyl inker sequence) resulting in pMOG588i 

(Figure 13) . Both pMOG23 and pMOG588i are digested with EcoR I 
and Bal ll and the resulting fragments are ligated and 
linearized again with Bglll. Fragments of the correct size 
are ligated into Bal l I -digested pMOG23 to form the binary 

30 vector pMOG589i (Figure 13) . The M pMOG i" notation will be 

used throughout this patent application to indicate the 
presence of an intron in the barnase gene. 

The choice between using a barnase containing an intron 
or a bar star gene outside the borders of the T-DNA for 

35 construction of the binary vectors in this example, is not 
critical for this invention. 

k) Construction of DM0G59 11: a binary vector containing a 
multiple cloning site in front of a promoterless Barnase 
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gen . 

This construct is used to insert a range of dif f r nt 
regulatory sequences as identified in Example XII. For this 
purpose, the synthetic multiple cloning site of pMOG588i 
between the 5' barnase sequence and the right border of the 
T-DNA can be extended. The resulting plasmid pMOG590i is used 
for the construction of binary vector pMOG591i (Figure 13) . 
This vector is then used to introduce promoter-A regulatory 
sequences in a transcriptional fusion with the gene coding 
for barnase. 

U construction of P M0 ^7i7it a binary vector containing a 
truncated r rt1ff nronotftr and a barnase gene. 

The truncated role promoter sequence that was described 
in Example IHf , can be isolated from plasmid pRiA4 (Slightom 
et al. 1986, J. Biol. Chem. 261, 108-121) and is amplified 
with a xba l site created at the 5» end and a fisfil site at the 
3» end. This fragment can be cloned into pMOG588i leading to 
a transcriptional fusion between the truncated rslC promoter 
and the Barnase gene. This plasmid is used for the 
construction of binary vector pMOG717i (Figure 13). 

m\ constriction of p MOC699t a binary vector containing a 
^-r-nneated prnmoter ( B *1 ta0.3TobBB7-5A) and ft feaxnase qe ne 

The DeltaO . 3TobRB7-5A promoter sequence (Yamamoto et al. 
1991, Plant Cell 3: 371-382) was isolated by a two-step PCR 
on genomic DNA isolated from tobacco. In the first PCR 
reaction, part of the TobRB7-5A gene is being isolated using 
the following primers: 

5* primer: 5' CTCCAAATACTAGCTCAAAACC 3' (SEQIDNO:7) 
3' primer: 5' CCTCACCATG6TTAGTTCTC 3' (SEQIDNO:8) . 

The resulting PCR product is used to isolate the 
DeltaO. 3T bRB7-5A f ragm nt using the following primers: 
5' primer: 5' CTTGAATTCTAGATAAGCTTATCTAAAC 3' 

(SEQIDNO:9) 

3' primer: 5' CCTCACCATGGTTAGTTCTC 3' (SEQIDNO:10) . 
The resulting PCR product is purified out of gel, blunt ended 
and subcloned into pUC9 (Vieira & Messing 1982 G ne 19.; 259- 
268) which is then linearised with Smal. Digestion of the 
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resulting plasmid with Xbal and partially with Nco l yields 
the correct DeltaO. 3T bRB7-5A fragment which can be subcloned 
into pMOG588i. This plasmid is used for the construction of 
binary vector pMOG699i (Figure 13) . 

5 

nV Construction of PMOG711? a binary vector containing a 
truncated promoter (Delta O. 3TobRB7-5A) and an antisense 
NADPH-CytP450 reductase ATR1 gene 

The clone for NADPH-cytochrome P450 reductase ATR1 (EMBL 

10 accession number X66016) is isolated from Arabidopsis 

thaliana var. Landsberg erect a using PCR technology on cDNA 
made of mRNA from this species. The primer set 5 ' 
GGCGGATCGGAGCGGGGAGCTGAAG 3' (SEQIDNO: 11) and 5' 
GATACCATGGATCACCAGACATCTCTG 3' (SEQIDNO: 12) is used to 

15 amplify the sequence of interest. This introduces a Nco l site 
on the N-terminus of the PCR fragment. Subsequently, the PCR 
fragment is digested with BamH I - Nco l and cloned antisense 
before the nopal ine synthase terminator into pMOG707. The 
truncated promoter sequence DeltaO . 3TobRB7-5A (Yamamoto et 

20 aLs. 1991, Plant Cell 3; 371-382), isolated as described in 

Example Illm, can then be inserted as a Xba l - Nco l fragment. 
The entire sequence is then cloned into the binary vector 
pHOG23 after digestion with EcoR I and one of the remaining 
unique restriction enzymes, resulting in binary vector 

25 pMOG711 (Figure 14) . 

o) Construction of pMOG712? a binary vector containing a 
truncated promoter ( DeltaO. 3TobRB7-5A) and an antisense 
NADPH-CytP450 reductase ATR2 gene 

30 The clone for NADPH-cytochrome P450 reductase ATR2 (EMBL 

accession number X66017) is isolated from Arabidopsis 
thaliana var. Landsberg erecta using PCR technology on cDNA 
made of mRNA from this species. The primer set 5' 
GGTTCTGGGGATCCAAAACGTGTCGAG 3' (SEQIDNO: 13) and 5' 

35 GGCTTCCATGGTTTCGTTACCATACATC 3 ' (SEQIDNO: 14) is used for 
amplification. This introduces both a BamHI and a Nco l 
flanking the PCR fragment. Subsequently, the PCR fragment is 
dig st d with BamH I - Nco l and cloned antis nse before the 
nopaline synthase terminator into pMOG707. The truncated 
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promoter sequence D lta0.3TobRB7-5A (Yamamoto gLaL ^91 t 
Plant Cell It 371-382) , isolated as d scrib d in Example 
Ulm, can then be inserted as a 2*al - ES2l fragment. The 
entire sequence is then cloned into the binary vector pMOG23 
5 after digestion with Slfil and partial digestion with EsaRI 
or, alternatively, after digestion with fi&I and partial 
digestion with EssRI, resulting in binary vector pM0G712 
(Figure 14) . 

r) gsagt EHSfcjgp p Mnft-ri^; a binary vector containing a 
treated r ™nn* ft T» m -l f" ^ Q bRB7~5A> and an antisense 
q i Y 7Q ^i^-phosph ^^«» aevltransferase gene 

The clone for glycerol-3-phosphate acyltransferase 
ATSl(EMBL accession number D00673) is isolated from 
ftnT7l ,^ ra < g thaitana using PCR technology on cDNA made of 
mRNA from this species. The primer set 5' 
GCCCG6GATCCGGTTTATCCACTCG 3' (SEQIDNO:15) and 5' 
GAGTATTTTCCATGGATTGTGTTTGTG 3' (SEQIDNO:16) is used for 
amplification. This introduces both a Sj&l, BaffiHI and a fisfil 
flanking the ATS1 clone. Subsequently, the PCR fragment is 
digested with Smal - Nco l and as such subcloned into pMOG445. 
(PM0G445 is a pUC18 derivative that contains, by insertion of 
an oligo adaptor in the multiple cloning site, the extra 
restriction sites £lal, HSSl and figlll between EsfiRI and 
SstI) . Subsequently, the ATS1 clone is isolated after llcp.1 
and partial lamHI digestion and subcloned antisense before 
the nopaline synthase terminator into pM0G707. The truncated 
promoter sequence DeltaO . 3TobRB7-5A (Yamamoto et alt ^991 , 
Plant Cell is 371-382) , isolated as described in Example 
Illm, is then inserted as a 2£§I - ficol fragment. The entire 
sequence is then cloned into the binary vector pMOG23 after 
digestion with EcoRI and one of the remaining unique 
restriction nzymes, resulting in binary vector pM0G713 
(Figure 14) . 

n ) rvmgi-.Tuetion o f pMO&714: « binary vector containing a 
t-minrvifgri promoter fr>Plta0.3T Q bim7-SAl and an antisense 
a^ pi'nA nucleoti de transl ocator gene 

The clone for the mitoch ndrial adenine nucleotide 
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translocator (PANT1, EMBL accession number X57557; Winning et 
al. 1992 Plant J. 2; 763-773) is isolat d from Solanum 
tuberosum using PCR technology on cDNA made of mRNA from this 
species. The primer set 5' GCTAGCCGGATCCATCTGAGCTCCAG 3' 
5 (SEQIDNO:17) and 5' GACGTCCATGGCTGAATTAGCCACCACCG3 9 

(SEQIDNO:18) is used for amplification. This introduces both 
a BamHI and a Ncol flanking the PANT1 clone. Subsequently, 
the PCR fragment is digested with BamH I - Nco l and cloned 
antisense before the nopaline synthase terminator into 

10 pMOG707. The truncated promoter sequence DeltaO • 3TobRB7-5A 
(Yamamoto et al. 1991, Plant Cell 3; 371-382), isolated as 
described in Example Illm, is then be inserted as a Xba l - 
Nco l fragment. The entire sequence is then cloned into the 
binary vector pMOG23 after digestion with EcoRI and one of 

15 the remaining unique restriction sites, resulting in binary 
vector pMOG714 (Figure 14). 

r) Construction of pMOG715; a binary vector containing a 
frrupcated promoter (DeltaO. 3TobftB7-5A) frnd an antjsengs ATP 

20 synthase gene 

The clone for the beta subunit of ATP synthase (Boutry & 
Chua 1985 EHBO J. ±; 2159-2165) is isolated from tobacco 
( Nicotia na pluffl fraginifolia ) using PCR technology on cDNA made 
of mRNA from this species. The primer set 5' 

25 CCCTCCAGGATCCCTTCTCGGAGGCTTC 3 ' (SEQIDNO:19) and 5' 

GAAAAGAAAGCCATGGAACTTTATAATC 3' (SEQIDNO:20) is used for 
amplification. This introduces both a BamH I and a Nco l 
flanking the ATP synthase clone. Subsequently, the PCR 
fragment is digested with BaffiHI - Nco l and cloned antisense 

30 before the nopaline synthase terminator into pMOG707. The 
truncated promoter sequence DeltaO. 3TobRB7-5A (Yamamoto et 
al^ 1991, Plant Cell 3; 371-382), isolated as described in 
Example Illm, is inserted as a Xba l - Nco l fragment. The 
entire sequ nee is th n cloned into th binary vector pMOG23 

35 after digestion with EcoRI and one of the remaining unique 
restriction sites, resulting in binary vector pMOG715 (Figur 
14). 

Description of PM0G719, a binary olas mid containing 
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BESBLfegr. fc ffiS » aensp hPteroloqous vital gene 
ggmbj nations 

This description is given by way of general 
illustration; P MOG719 is a derivative of pMOG22 and is used 
5 for a first round of plant transformation, followed by 

transformation with a binary vector as described in Example 
Illn-r. PM0G719 constructs contain a promoter-B fused to a 
sense gene that is coding for a protein or polypeptide that 
is functionally similar to the antisense gene from Example 
Hln-r but is heterologous in nucleotide sequence (Figure 

• J +»VlA 



10 



uu.u ** — ^ 

15) . Preferably, the nucleotide sequence identity of the 



id; • ir.te.Ld- -ki t 

transcripts encoded by the antisense transgene and the sense 
transgene is less than 90%, preferably less than 80%, yet 
more preferably less than 75%. The sense transgene is 
15 obtainable from a different species than the target species. 
As examples of such heterologous genes the following 
constructs are made: 

- the expression cassette of pMOG180 (Example I, 35S promoter 
/ nos terminator) is transferred to pMOG22 as an EseRI - 

20 fiindlll fragment, resulting in pM0G22bis. 

- pMOG719-l: the gene coding for glycerol-3P-acyltransferase 
(Ishizaki e±_aj^ "88 FEBS Lett. 23JB.; 424-430, EMBL accession 
number Y00771) is isolated from squash cDNA using PCR 
amplification with the following primers 5' 

25 GCTTCCAGATCTATGGCGGAG 3' (SEQIDNO:21) AND 5' 

GATTACCAAAAGATCTGATGTTG 3' (SEQIDNO : 22 ). The amplified 
fragment is digested with iglll and cloned into the binary 
vector pM0G22bis which is linearized with fiamHT, resulting in 
binary vector pM0G719-l. This vector is checked for the 

30 correct sense orientation of the G3PAT insert with 
restriction analyses, 

- PM0G719-2: the gene coding for the adenine nucleotide 
translocator (Baker & Leaver 1985 Nucl. Acids Res. A3; 5857- 
5867, EMBL acc ssion numb r X02842) is isolated from maize 

35 cDNA using PCR amplification with the following primers 5' 
GAATTCGGATCCTGATGCCAGACCCCGCTCTGTG 3' (SEQIDN0:23) and 5' 
GGACCGGGATCCCACACTGCTCTTG 3» (SEQIDNO : 24 ) . The amplified 
fragment is digested with BamHT and clon d into the binary 
vector P M0G22bis, which was linearized with BaBHI, r suiting 
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in binary vector pMOG719-2. This vector is checked for the 
correct sense orientation of the ANT insert with restriction 
analyses . 

- pM0G719-3: the gene coding for the beta subunit of ATP 
5 synthase (Winning et ah 1990 Nucl. Acids Res. 18; 5885, EMBL 
accession number X54233) is isolated from maize cDNA using 
PCR amplification with the following primers 5* 
CCCT66ATCC66ACC66CCAT6GC 3 1 (SEQIDNO:25) and 5' 
CAAGCAAGGATCCTCCTTATGAAGC 3' (SEQIDNO:26) . The amplified 

10 fragment is blunt ended and subcloned into pUC9 (Vieira & 

Messing 1982 Gene 19; 259-268) which was linearized .with Sma l 
and HinCII . The resulting vector is partially digested with 
BamH I and cloned into the binary vector pM0G22bis, resulting 
in binary vector pMOG719-3. This vector is checked for the 

15 correct sense orientation of the ATP synthase insert with 
restriction analyses. 

EXAMPLE IV 

Mobilisation of binary vectors into Aarobacterium 
20 The binary vectors described in Example III are 

mobilized in a triparental mating with E. coli K-12 strain 
HB101 (containing plasmid RK2013) (Ditta et al.. 1980, Proc. 
Nat. Acad. Sci. USA 22, 7347-7351), into Agrobacterjum 
tumefaciens strains MOG101 (Example II) or LBA4404 (Hoekema 
25 et al. 1983, Nature 303, 179-180) that contains a plasmid 
with the virulence genes necessary for T-DNA transfer to 
plants. 

EXAMPLE V 

30 Plant Transformation 

Transformation of Arabidopsis thaliana 

Arabidoosis is transformed by cocultivation of plant 
tissue with Aarobacter ium tumefaciens strain MOG101 
containing one of th binary vectors described in Example 

35 III. Transformation is carried out using cocultivation of 

Arabidopsis thaliana (ecotype C24) root segments as described 
by Valvekens et al. (1988, Proc. Nat. Acad. Sci. USA £5, 
5536-5540) . Transgenic plants are regenerated from shoots 
that grow on selection medium (containing either kanamycin or 
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hygromycin, depending on th originating binary plasmid 
PM0623 or pMOG22 respectively) , root d and transferred to 
germination medium or soil. Young plants are grown to 
maturity and allowed to self-pollinate and set seed. 

5 

M Transudation Q f potato fSolanum tuberosum ?sp.) 

Potato is transformed by cocultivation of plant tissue 
with agrm^terium tm^faciens strain LBA4404 containing one 
of the binary vectors described in Example III. 
Transformation is carried out using cocultivation of potato 
( solanuja tuberosum var. Desiree) tuber disks as described by 
Hoekema et al. 1989, Bio/Techn. 7, 273-278). Transgenic 
plants are regenerated from shoots that grow on selection 
medium (containing either kanamycin or hygromycin, depending 
on the originating binary plasmid pMOG22 or pMOG23) , rooted, 
multiplied axenically by meristem cuttings and transferred to 
soil. Young plants are grown to maturity and allowed to 
develop tubers. 

r.) Transformation ^ tobacco micotiana tabacum SRI) 

Tobacco is transformed by cocultivation of plant tissue 
wit h Am-obacterin m tumef aciens strain LBA4404 (Hoekema et al- 
1983, Mature 303_, 179-180) containing one of the binary 
vectors described in Example III. Transformation is carried 
out using cocultivation of tobacco (Njcptiana tabacum SRI) 
leaf disks as described by Horsch et al- 1985, Science 223., 
1229-1231) . Transgenic plants are regenerated from shoots 
that grow on selection medium (containing either kanamycin or 
hygromycin, depending on the originating binary plasmid 
pMOG22 or pMOG23), rooted and transferred to soil. Young 
plants are grown to maturity and allowed to self-pollinate 
and set seed. 

EXAMPLE VI 

anal ysis of transgenic Ara bidopsis plants for susceptibility 

tO_PPN 

Transgenic Arabidopsis plants are assayed both in vitro or in 
soil for r sistance against m. incognita or the cyst nematode 
h. schachtii . For in vitro analysis, seeds are surface 
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st rilized, grown and inoculated as described by Sijmons et 
al. (1991, Plant J. i£ 245-254) . Two weeks after infection, 
the root systems can be scored visually for the number of 
successful infections and compared to wild type Arabidoosis 
5 plants. Plant lines are considered resistant when they show a 
significantly decreased susceptibility to PPN ( i.e. a 
significant decrease in the number of females found on 
control roots) . For soil-grown plants, seedlings are 
germinated on selective medium (10 mg/1 hygromycin or 50 mg/1 

10 kanmaycin) . Resistant seedlings are transferred to soil/sand 
mixtures (1:3 v/v) in 1x1x6 cm transparent plastic tubes. 
Once the rozettes are well developed (ca. 14 days) the 
containers are inoculated with ca. 300 hatched J2 of H. 
schachtii each. Hatching of H. schachtii is stimulated by 

15 submerging cysts for several days in a 3 mM ZnCl 2 solution at 
a temperature of ca. 20 °C. Eighteen days after inoculation, 
the roots are carefully removed from the soil/sand mixture 
and stained with acid fuchsin (Dropkin, 1989 in: Introduction 
to plant nematology, 2nd edition, Wiley & Sons, New York). In 

20 this assay, susceptible plants score a mean of 17 cysts per 
root system (range 4-40 cyst per root system) . A genotype is 
considered resistant when the mean number of cysts is reduced 
to 2 per root system. Similarly, plants can be inoculated 
with hatched J2 of M. incognita or with egg-masses that are 

25 mixed through the soil/sand mixture. The plants are then be 
scored for the presence of galls which are clearly visible 
after the soil/sand mixture is removed from the roots. 



30 EXAMPLE VII 

Analysis of transgenic tobacco plants for susceptibility to 

PPN 

For analysis of nematode resistance, the soil is preinfected 
with M. incognita gg masses. This inoculum can be produced 
35 by maintaining a stock cultur of M. incognita on soil grown 
c lery plants ( Apium oraveolens ) under standard greenhouse 
conditions, below 25 °C. Mature celery root systems, 
containing a high number f root knots and mature females of 
M. incognita , are carefully dusted off to rem ve the soil, 
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homog niz d briefly in a Waring blendor (2 seconds) and 
w igh d in portions of 60 gram. These root sampl s ar mixed 
with 1 kg sandspotting soil (1:1) mixtures and used for 
growth of transgenic tobacco plants for 6 weeks. For each 

5 genotype, at least 100 indivdual plants are used for each 
test. The soil/sand mixture is then carefully washed away and 
the number of galls / root system is counted with a 
binocular. In this assay, control plants have a mean of 25 ± 
15 galls. A genotype is considered resistant when the mean 

0 number of galls is reduced to 2 per root system. 



EXAMPLE VIII 

Analysis q£ trans o nic potato Plants for susceptibility to 

PPN 

Transgenic potato plants are assayed for resistance against 
m. incognita using soil that is preinfected with Mi,. 
incognita egg masses mixed with sand (1:3 w/w) , growing the 
potato plants in that soil mixture for 6 weeks and, after 
removing the soil, counting the developed number of galls on 
a root system. Alternatively, to assay for resistance against 
Glebodera ssp. a closed container is used. For this assay, 
three replicate 2-4 cm tubers are transferred to soil which 
is pre-inoculated with cysts from c. rostochiensis or g_j. 
pallida in transparent containers. The peripheral root 
systems are analyzed visually 7-8 weeks after germination for 
the presence of cysts. A genotype will be scored as resistant 
if none of the three replicates had cysts and susceptible if 
at least one of the three replicates shows cysts. 



EXAMPLE IZ 

Analysis «f GUS aetivi'tv ins ide feeding structures Of Plants 
» ya n«fTfinie fQ T the ehimaerie 35S / GUS construct- 
Plant lin s transgenic for the T-DNA of constructs 
pM0G25 or pM0628 (35S/GUS) are used for infection with cyst- 
or root-knot nematod s and subsequent analysis of GUS 
activity (J ff rson, 1987, Plant Mol. Biol. Reporter 5, 387- 
405) inside the feeding structures. Arabidopsjs is especially 
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suitable for this purpose as these plants are readily used in 
monox nic cultures with both Heterodera schachtii and 
Meloidogyne incognita (Sijmons et al. 1991 Plant J. 1, 245- 
254) • The development of the feeding structure is 
5 exceptionally well visible in this plant species when grown 
in agar plates. Agar pieces containing infected root parts 
are cut directly from petridishes without any disturbance of 
the nemat ode-plant interaction and used directly for 
histochemical GUS staining at 37 °C with the substrate 5- 

10 bromo-4-chloro-3-indolyl-glucuronide (X-Glu) in a buffer 

containing the following components: 100 mM NaPi pH 7.0 10 mM 
Na 2 EDTA, 0.1% Triton X100, 2.1 ng/ml f err icyanide , 1.6 nq/ial 
ferrocyanide. With this model plant system, the down 
regulation of the 35S promoter activity is demonstrated 

15 clearly at the cellular level. There is no detectable GUS 

activity (hence no 35S-promoter activity) in any of the cells 
comprising the feeding structure, even after prolonged 
staining with X-Glu. On the contrary in uninfected roots GUS 
activity is found in all root parts and is especially high in 

20 young root tissue and the vascular cylinder. At late stages 
of infection of Arabidoosis with M. incognita , the down- 
regulation of the 35S promoter extends even beyond the 
feeding structure. 

Transgenic tobacco plants are soil inoculated with 

25 Globodera tabacum or M. incognita and analyzed after proper 
development of feeding structures. For this purpose, roots 
are carefully washed for removal of soil, incubated with X- 
Glu assay buffer and double stained for detection of the 
nematodes with acid fuchsin staining (Dropkin, 1989). 

30 Similar experiments are carried out with transgenic 

potato after soil inoculation with Globodera rostochiensis . 
G. pallida o r M. incognita . In all cases, GUS activity is not 
detected inside feeding structures while uninfected root 
parts showed xpression expected for the 35S promot r. Thus, 

35 the CaNV35S promot r fits the requirements explained in this 
application for a promoter of type B. 



EXAMPLE X 
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analysis o f sh§ asfeizifcc inside, feeding *i-rnrt n r«* °f Plants 

^^■^ gag the chimaerjc rpID ^ fifflS construct. 

Plant lines transgenic for the T-DNA of construct 
PMOG630 (rolD/GUSy are used for infection with cyst- or root- 
knot nematodes and subsequent analysis of GUS activity as 
described in the previous Example. Again here, the down 
regulation of the £oJJ> promoter activity is demonstrated 
clearly at the cellular level. There is no detectable GUS 
activity (hence no r^D-promoter activity) in any of the 
cells comprising the feeding structure, even after prolonged 
staining with X-Glu. On the contrary in uninfected roots, GUS 
activity is found in all root parts and is especially high in 
young root tissue including the vascular cylinder, epidermis 
and root hairs. Thus, the ftgrpbacterjum rhizogenes ^olD- 
promoter fits the requirements explained in this application 
for a promoter of type B. 



BXAMPLE XI 

a^ivsis of rms activi ty fading structures of plapts 

i-renggenic for, gh j fflagrjc, trunr.ated-rolC f GUS construct. 

Plant lines transgenic for the T-DNA of construct 
PMOG679 (truncated rolC/GUS) are used for infection with 
cyst- or root-knot nematodes and subsequent analysis of GUS 
activity as described in the Example VI. In contrast with the 
35S or the £2lD promoter but also in contrast with several 
other promoters that were tested under similar conditions, a 
5' truncated rolC-promoter / GUS fusion gives rise to a blue 
precipitate inside the feeding structure when the appropriate 
substrates are added. Thus, the Agrobac^erjnm rhizogenes 5' 
truncated rolC-promoter fits the requirements explained in 
this application for a promoter of type A. 



• EXAMPLE XII 

Tdentifica+ion of promoter-A type regulatory sequences jn EPS 

^ansqanic Plants 
a ) Transf o rmation of Arabid PS1S with PMOG4?^ 

A^abidopsis is transformed with ftqrobacterjum strain 
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MOG101 containing th binary vector pMOG452 (promoterless GUS 
fused to the right border of the T-DNA) using the procedure 
as described in Example V. 

5 b) Analysis of GUS activity inside feeding structures of 
plants transgenic for the p romoterless GUS construct 

Transgenic plant lines (pMOG452, T2 or later 
generations) are used for infection with PPN and subsequent 
GUS analysis as described in Example IX. The results from 

10 such a screening experiment after inoculation with iLu 

schachtii showed a surprisingly high number of plants with 
GUS activity inside the syncytia and low or no GUS actitivy 
in other plant parts , thus indicating that regulatory 
sequences that drive gene activity in the NFS are tagged with 

15 the GUS gene and therefor amenable to rapid isolation of such 
regulatory sequences. One in 13 independent transgenic plant 
lines indicated a tagged promoter that was active only in 
roots and that remained active inside the NFS. This could be 
confirmed with Arabidonsis plants transgenic for a 

20 promoterless GUS construct as described by (Topping et al . , 
1991, Developm. 112 , 1009-1019) . Two in 25 transgenic plant 
lines demonstrated GUS activity in cells comprising the NFS. 
This high frequency illustrates the feasability to tag/ and 
therefore to isolate, regulatory sequences that fulfil the 

25 requirements of promoter-A. The reverse situation (GUS 
activity in healthy vascular cylinder but down-regulated 
inside developing feeding structures) was observed with even 
higher frequencies, and therefor the method is in principle 
also suitable for identification of regulatory sequences that 

30 fit the requirements of promoter-B types. 

c) Isolation of pro moter-A-tvoe regulatory sequences from 
transgen ic plants expressing GUS inside NFS 

Transgenic plant lines that express GUS activity inside 
35 NFS and pref rably low or no activity in other tissues are 
selected and used f r isolation of genomic DNA. Regulatory 
s quences upstr am (5') f the integrated GUS gene are 
isolat d with the following steps, using invert d PCR (Does 
et al. 1991. Plant Mol. Biol. 17, 151-153) with the primers 
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5' CCA GAC TGA ATG CCC ACA GGC 3' (SEQIDNO:27) and 5' GGT GAC 
GCA TGT CGC GCA AG 3' (SEQIDNO:28) . The amplified fragment is 
used to screen a genomic library of Arabidopsjs for the 
isolation of genomic clones containing regulatory sequences 
5 that fit the requirements of promoter-A. Alternatively, the 
first 200 bp of the GUS gene can be used to probe a genomic 
bank made from the selected plants. 



gy ^ 1 "**** Qf Ba r st-ar in transgenic pjants, controled by 
r < >f pTlal-Qrv sequences of type B promoters- 
For western analysis of plants expressing the Barstar gene, 
an antiserum against Barstar is used that is produced in the 
following manner: 

the most antigenic determinants of the Barstar protein is 
determined with three different prediction methods, based on 
hydrophilicity, flexibility and beta turns. Based on this 
analysis, three peptides are synthesized using an automated 
peptide synthesizer with the following amino acid sequence; 

a) Ala-Glu-Ser-Val-Leu-Gln-Val-Phe-Arg-Glu-Ala-Lys-Ala-Glu- 

Gly (SEQIDN0:29) 

b) Arg-Gln-Phe-Glu-Gln-Ser-Lys-Gln-Leu-Thr-Glu-Asn-Gly-Ala- 
Glu (SEQXDNO:30) 

c) Leu-Lys-Lys-Glu-Leu-Ala-Leu-Pro-Glu-Tyr-Tyr-Gly-Asn-Leu- 
Asp (SEQIDN0:31) . 

These peptides are purified and 1.5 mg of each is coupled to 
7.5 mg bovine serum albumin (BSA) using glutar aldehyde. The 
resulting conjugates were analyzed and contained 7.5 mole 
peptide (a) per mole BSA, 10.0 mole peptide (b) per mole BSA 
and 6.7 mole peptide (c) per mole BSA. The conjugates are 
dissolved in 50 mM Hepes, 100 mM NaCl with a final 
concentration of 1 mg/ml and mix d. Rabbits are injected with 
0.15 ml mixed conjugates in Freunds complete adjuvans and 
boostered three times with 0.15 ml mixed conjugat s in in- 
complete Freunds adjuvans. The resulting serum is partially 
purified for the antibody fraction and stored at -80 *C. This 
serum is used in 5,000 - 10,000 dilutions in the pr sence of 
5% defatted dry milk in phosphate buffered saline, 1% Tween 
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20, 0.5% Triton-XlOO. For w stern analysis, crude plant 
extracts are seperated on 10*27% gradient SDS-PAGE followed 
by electroblotting to nitrocellulose. The Barstar antibodies 
are detected with goat-ant i-rabbit-per oxidase conjugates and 
5 visualized with the Amersham (UK) ECL-detection system. 

The choice of Arabidopsis . tobacco and potato for 
introduction of the barstar and bamase expression constructs 
was based on the excellent properties of Arabidopsis to 
analyze plant-nematode interactions (Sijmons et al . 1991, 
10 Plant J. Xi 245-254), or the excellent transformation 

protocols available for tobacco and potato and by no means 
limits the scope of plant species to which this invention 
applies. 

Arabidopsis is transformed with Aarobacter i um strain 

15 MOG101 containing the binary vector pM0G583 or alternatively 
pM0G716 or alternatively pMOG718, all described in Example 
III, using procedures as described in Example Va. 
Transformants are regenerated on selective media containing 
10 mg/1 hygromycin. All hygromycin resistant plants are 

20 allowed to self pollinate and the resulting seed batches are 
germinated on hygromycin and tested for expression of the 
barstar gene by means of western analysis using antibodies 
against BSA-Barstar conjugates. Representative plant lines 
for high, medium and low expression are used for the second 

25 round of transformation. 

Tobacco and potato are transformed with Aorobacterium 
strain LBA4404 containing the binary vector pMOG583 or 
alternatively pM0G716 or alternatively pM0G718, all described 
in Example III, using procedures as described in Example Vb 

30 and Vc. Transformants are regenerated on selective media and 
resistant plants are allowed to self pollinate or clonally 
propagated. In case of tobacco, the resulting seed batches 
are germinated on selective media and tested for expression 
of the barstar gene by means of western analysis using 

35 antibodi s against barstar. The clonally propagated potato 
clon s are assayed for Barstar expression after transfer of 
the plants to soil. Representative plant lines for high, 
medium and low expression are used for the second round of 
trans format i n. 
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P^omoter l f sfi BarnggA dna sennences in Plant* 

J^II 1rq w^^r fro r y*™mT yriT and analysis of reduced 

5 *^ gngeenfcibi l itv to PPN 

a> ^faaatlnn of Arabjdop^i* gj£h, pMOG5g9j 

The selected *™^d QPS is plant lines from Example XIII, 
which express the Barstar gene, are used for transformation 
with irtr-nhacterium strain MOG101 containing the binary vector 
pM0G589i (Example III) using the procedure as described in 
Example VI. The regeneration of transformants is now done on 
50 mg /l kanamycin-containing media. All kanamycin-resistant 
regenerants are grown to maturity, allowed to self pollinate 
and analyzed for deviant phenotypes. Seeds from all plants 
with normal phenotype are germinated on kanamycin and grown 
to produce a next generation of seeds. A next round of 
germination on kanamycin-containing medium allows 
identification of plant lines homozygous for the NPTII gene. 

fej rrl 1 Y - 1r af feBPSg g nis xrrtldwwiH for susceptibility to 
PPN 

Plants produced with procedures as described in Example 
XlVa are used to establish their degree of susceptibility to 
PPN as described in Example VI. From these analyses, several 
plant lines are identified that show a decreased 
susceptibility to PPN (i^ a decrease in the number of cysts 
with a mean of less than 10 cysts per root system) , and a few 
lines were found to be resistant (i.e., mean less than 2 cysts 
per root system) especially among those lines that were 

. selected for their high expression of barstar in Example 
XIII. Also, a number of abbarent phenotypes reduced 
viability, sterile, non flowering, small root systems) are 
observed, possibly as a result of local expression of the 
barnase gene. Regulatory seguences upstream (5') of the 

; int grated Barnase gene ar is lat d using inverted PCR (Do s 
at al. 1 991, Plant Mol. Biol. H, 151-153) . Th amplifi d 
fragment is used to screen a genomic library of ArabidPPsis 
for the isolation of g nomic clones containing r gulatory 
sequ nces that fit the r guirements of promoter-A. 
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Alternatively, the barnase gene is used to probe a genomic 
bank made from the selected plants. 

c) Transformation of tobacco and potato with pMOG591bis 
5 Regulatory sequences that are identified through 

procedures described in this example can be used for 
insertion in the multiple cloning site of pMOG591i (Example 
III), thus creating binary vector pMOG591bis. This vector is 
then be used for a second round of plant transformation, e.g. 
10 tobacco or potato plants that are selected for high Barstar 
expression in Example XIII. The resulting double 
transformants can be assayed for reduced susceptibility to 
PPN as described in Example VII and VIII. 

15 EXAMPLE XV 

Introduction of tru ncated rolC promoter / Barnase DNA 
sequences in plants expressing Barstar 
The selected plant lines from Example XIII are used for 
transformation with Agrobacterium strain MOG101 or LBA4404 

20 containing the binary vector pMOG717i (truncated 

rol C/Bamase; Example III) using the procedures of Example 
VI. The regeneration of transformants is now done on 
kanamycin-containing media. All kanamycin-resistant 
regenerants are grown to maturity, allowed to self pollinate 

25 or form tubers (depending on the species) and analyzed for 
deviant phenotypes. For self -pollinating species, all plants 
with a normal phenotype are germinated on kanamycin and grown 
to produce a next generation of seeds. A next round of 
germination on kanamycin-containing medium allows 

30 identification of plant lines homozygous for the NPTII gene. 
In case of potato, transgenic plant lines are clonally 
propagated. 

h\ Analysis of double transgenic plant lines for 
35 susceptibility to PPN 

Th plants that are now transgenic for the Barstar gene 
(either provided by pMOG 583 or pMOG716 or pMOG718) and the 
Barnase gene (pMOG717i) are assayed for their degree of 
susc ptibility to PPN as described in Example VI -VIII. From 
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th se analyses, plant lin s are id ntified that show a 
significantly decreased susc ptibility to PPN (i^ a 
significant decrease in the number of cysts or galls compared 
to control roots) , especially among those lines that were 
selected for their high expression of barstar in Example 
XIII. 



WMMPLg XVI 

InfcESduetjgS Bf n~n-»0-3TohPB7-SA premolar ( P^m^se PNA 
frr? rrftfi in plar <-« ftvniressina Barstar 
The selected plant lines from Example XIII are used for 
transformation with ftr^nhaeterium strain MOG101 or LBA4404 
containing the binary vector pMOG699i (Example III) using 
procedures as described in Example V. The regeneration of 
transformants is now done on kanamycin-containing media. All 
kanamycin-resistant regenerants are grown to maturity, 
allowed to self pollinate or form tubers (depending on the 
species) and analyzed for deviant phenotypes. For self- 
pollinating species, all plants with a normal phenotype are 
germinated on kanamycin and grown to produce a next 
generation of seeds. A next round of germination on 
kanamycin-containing medium allows identification of plant 
lines homozygous for the NPTII gene. In case of potato, 
transgenic plant lines are clonally propagated. 

Analyses of double tran sgenic P??T»t for 
BusGeptib il^v to PPN 

The plants that are now transgenic for both the Barstar 
(either pMOG 583 or pMOG716 or pMOG718) and the Barnase 
construct (pM0G699i) can be assayed for their degree of 
susceptibility to PPN as described in Example VI - VIII. From 
these analyses, plant lines are identified that show a 
significantly decreas d susceptibility t fl. incognita a 
significant decrease in the number of galls compared to 
c ntrol roots) , especially among thos lines that wer 
selected for their high expression of barstar in Example 
XIII. 
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EXAMPLE XVII 

Enain erina reduced susceptibility to PPN with a single round 

of transformation 
Alternatively , binary vectors can be constructed that contain 
5 both expression cassettes for regulated expression of Barstar 
and Barnase, from DNA fragments described in Examples III 
(g)-(m) in ways that are applicable to the general 
description of this patent as illustrated in Figure 1. Such 
binary vectors can then be used to engineer plants with 
10 reduced susceptibility to PPN in a single round of 

transformation and analysis of plant lines as described in 
Example VI - VIII. 

15 EXAMPLE XVIII 

Engineering reduced susceptibility to PPN using promoter A / 
antisense homologous vital gene and promoter B / sense 
heterologous vital gene binary constructs. 
These examples are based on the same concept for a two- 
component system as is generally illustrated in Figure 1. It 
involves the local (feeding structure) antisense expression 
of a homologous gene (preferably isolated from the target 
species) that is vital for plant cell metabolism and 
expression of a second transgene which when expressed is 
capable of neutralizing or partially neutralizing the effect 
caused by the first transgene and is in effect a sense 
construct of a heterologous gene and is expressed in cells 
outside the feeding structure. 

30 a) Introduction of chimearic DNA sequences of the Delta0.3 
TobRB7 promoter and the antisense NADPH-Cvtochrome P450 ATR1 
gene for speci fic repression of the nema tode-induced feeding 
structures in Arabidopsis. 

Arabidopsis plants transgenic for a construct of typ B- 

35 promoter and a heterologous gene for NADPH-CytP450 reductase, 
is used for a second round of transformation by cocultivation 
of plant tissue with Agrobacterium tumefaci ns strain MOG101 
containing the binary vector pMOG711 as described in Example 
V. Transgenic plants are reg nerated fr m shoots that grow on 
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sel ction medium, root d and transferr d to g rmination 
m dium or soil. Young plants are grown to maturity and 
allowed to self-pollinate and set seed. Plants transg nic f r 
both the sense and the antisense construct are analyzed for 
5 reduced susceptibility to PPN as described. 

hi TntrodiirrHon of c Him^ric EH& sequences of the PelWt3 
T»bPB7 nr»r~^ »™* fc fas anfcissnss NAnPH-cvtochroinft P4SQ ATR2 

le^r snecific r er>— -™ «* the nem atode- induced fee — 



10 structure s in Arabidopsjs. 

Arabidopsis plants transgenic for a construct of type B- 
promoter and a heterologous gene for NADPH-CytP450 reductase, 
is used for a second round of transformation by cocultivation 
of plant tissue with Arp-obacterimn tumefaciens strain MOG101 

15 containing the binary vector pM0G712 as described in Example 
V. Transgenic plants are regenerated from shoots that grow on 
selection medium, rooted and transferred to germination 
medium or soil. Young plants are grown to maturity and 
allowed to self-pollinate and set seed. Plants transgenic for 

20 both the sense and the antisense construct are analyzed for 
reduced susceptibility to PPN as described. 

r*) T r.i- T nduction r>f chimaer ic DNA sequences of the 35S 
P^rvt-o-r- and the s T ^«" «ne coding for glycerol -3 -phosphate 

25 acvltransferase 

Arabidopsis plants are transformed with pM0G719-l by 
cocultivation of plant tissue with ftgrobacter 3 "ffl tumefaciens 
strain M0G101 containing the binary vector as described in 
Example V. Transgenic plants are regenerated from shoots that 

30 grow on selection medium, rooted and transferred to 

germination medium or soil. Young plants can be grown to 
maturity and allowed to self-pollinate and set seed. 
Homozygous lin s are selected through analysis of the 
offspring by germination of selectiv medium. The xpression 

35 level of the heterologous gene is analyzed with North rn 
blotting. 



dV Tntrod'^-iQ" of ehimaeric nwA sequences of the 
Delta0.3T"* PB7 promoter a n d the antisense glycerol- 
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phosphate acvltransf r ase oene for specific repression of the 
nematode-induced feeding structures in Arabidopsis. 

Arabidopsis plants transg nic for the T-DNA of construct 
pM0G719-l is used for a second round of transformation by 
5 cocultivation of plant tissue with Aarobacterium tu mefaciens 
strain MOG101 containing the binary vector pMOG713 as 
described in Example V. Transgenic plants are regenerated 
from shoots that grow on selection medium, rooted and 
transferred to germination medium or soil. Young plants can 
10 be grown to maturity and allowed to self -pollinate and set 
seed. Plants transgenic for both the sense and the antisens 
construct are analyzed for reduced susceptibility to PPN as 
described . 

15 e) Introduction of chimaeric DNA sequences of the 35S 

promoter and the maize g ene coding for adenine nucleotide 
translocator 

Tobacco plants are transformed with pM0G719-2 by 
cocultivation of plant tissue with Aqrobacterium tumefaciens 

20 strain LBA4404 containing the binary vector as described in 
Example V. Transgenic plants are regenerated from shoots that 
grow on selection medium, rooted and transferred to 
germination medium or soil. Young plants can be grown to 
maturity and allowed to self -pollinate and set seed. 

25 Homozygous lines are selected through analysis of the 

offspring by germination of selective medium. The expression 
level of the heterologous gene is analyzed with Northern 
blotting. 

30 f) Introduction of chimearic DNA se quences of the Delta0.3 
TobRB7 promoter and the antisense adenine nucleotide 
translocator gene for specific repression of the nematode- 
induced feedin g structures in potato. 

Potato plants transgenic for the T-DNA of the construct 

35 pM0G719-2, is used for a second round of transformation by 
cocultivation of plant tissue with Agrobacte rium tu mefaciens 
strain LBA4404 containing th binary vector pMOG714 as 
described in Example V. Transgenic plants are regenerated 
from shoots that grow on selection medium, rooted, clonally 
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propagated and transferred to soil. Plants transg nic for 
both the sense and the antisense construct are analyzed for 
reduced susceptibility to PPN as described. 

5 g) T i ^TQductic ^ »f ehima^if- r>NA seonenc.ps of the 

r ™n Qfcer ™~ ™i Z e gene coding for the neta-subupit of 

ftTP synthase 

Potato plants are transformed with pMOG719-3 by 
cocultivation of plant tissue with Agrobacterium tumefacjens 
strain LBA4404 containing the binary vector as described in 
Example V. Transgenic plants are regenerated from shoots that 
grow on selection medium, rooted and transferred to soil or 
clonally propagated in vitro. The expression level of the 
heterologous gene is analyzed with Northern blotting. 



10 



15 



20 



H £ ntroductign of cbjmaerlc, dna sequences of tti? 
T? vs ? a 7 rr nr» Q ter a n * the antisense ATP synthase gene for 
7r » 7 -j f jo. r epi-ess inn of the nematode-! nriuced feeding 
sfmcture" £3 tobacco. 

Tobacco plants transgenic for a construct pM0G719-3, is 
used for a second round of transformation by cocultivation of 
plant tissue with Arp-obacteriinn tumefaciens strain LBA4404 
containing the binary vector pM0G715 as described in Example 
V. Transgenic plants are regenerated from shoots that grow on 
25 selection medium, rooted and transferred to germination 
medium or soil. Young plants can be grown to maturity and 
allowed to self-pollinate and set seed. Plants transgenic for 
both the sense and the antisense construct are analyzed for 
reduced susceptibility to PPN as described. 



30 



EXAMPLE ZIZ 

Ana l ysis of transgenic Arabidoosis Plants, resistant to a 
feoagjj k fn-r susceptibility to, ppn in the presence of 3 toxic 

gomp. und 

35 Sel cted plant lines from Example XI, transg nic for 

construct pM0G25 carrying genes coding for GUS and HPT, both 
under the control of the CaMV 35S promoter, are germinat d on 
nematode-agar medium (Sijmons et ail. 1991, Plant J. i, 245- 
254) supplem nt d with 10 - 20 fig / ml hygromycin (1 pg / ml 
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increxn nts) to establish maximum sublethal hygromycin 
concentrations for each plant line, as position effects of 
the integration site of the T-DNA influences the level of 
expression of the HPT-gene and therefor the level of 
5 resistance to hygromycin. New seeds from the selected lines 
are then germinated on in fresh petridishes with nematode- 
agar medium with the maximum sublethal hygromycin 
concentration and inoculated with PPN (Sijmons et al. 1991, 
Plant J. 1, 245-254) . The behaviour of the nematodes is 

10 followed daily with an inverted microcope and normal 

penetration and behaviour inside roots is observed at the 
early infection stages in the presence of hygromycin. At 
later stages of infection, significantly reduced number of 
females develop on roots when grown in hygromycin. The 

15 development of the NFS is hindered by the local 

susceptibility to hygromycin as the result of the down- 
regulation of the 35S promoter. 
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(1) GENERAL INFCBMftTICN: 

(i) APPLICHNT: 

(A) NAME: MDGEN Internaticnal NV 

(B) STREET: Einsteiiweg 97 

(C) CITY: LEIDEN 

) (D) STATE: Zuid-flolland 

(E) OOCNTFY: The Netherlands 

(F) POSTAL COTE (ZIP) : NL-2333 CB 

(G) TELEPHONE: 071-258282 

(H) TELEFAX: 071-221471 



( ii) TIKE OF INVENTION: Method for obtaining plants with reduced 
susceptibility to plant parasitic nematodes 

(iii) NUMBER OF SEQUENCES: 25 



(iv) CO MPUTER READABLE POEM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IEM PC conpatible 



(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentm Release #1.0, Version #1.25 (EPO) 



(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: EP 91203041.8 

(B) FILING DATE: 20-NOV-1991 

) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: EP 92200046.8 

(B) FILING DATE: 10-JAN-1992 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(Hi) HYPOTHETICAL: YES 



(XL) SEQUENCE DESCRIPTION: SEQ 3D NO: 1: 
GTTTCTAGAG GAOGGAGGAT OCTGGAAGTA TPDGAAAGA 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid. 
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(C) STRANEEENESS: single 

(D) TOPOIDGY: linear 

(ii) MDLECUIE TYPE: cENA 

5 

(iii) HXKJUHhTlCAL: YES 

10 (xi) SEQUENCE EESCKEPITON: SEQ ID NO: 2: 

CMCTATGAC CATGAIEACG 
(2) INFORMATION FOR SEQ ID NO: 3: 

15 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGIH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 
20 (D) TOPOIDGY: linear 

(ii) MOIECUIE TYPES cENA 

(iii) HYPOTHETICAL: YES 

25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

30 CTCCTOGAGC CTAGGCACAG GTTATCAACA CGTTTG 

(2) INF0KMA3TCN FOR SEQ 3D NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANEEENESS: single 

(D) TOPOIDGY: linear 

40 (ii) M3IECUIE TYPE: cENA 

(iii) HYPOTHETICAL: YES 

45 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
OGGACTCTQ6 ATOOSGAAAG TG 
50 (2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I£NG3H: 27 base pairs 

(B) TYPE: nucleic acid 
55 (C) STRANDEENESS: single 

(D) TOPOIDGY: linear 

(ii) MDLECUIE TYPE: cENA 
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(iii) HZPCOHEriCftL: YES 



10 



(3d) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CTIACTCGAG CCATQGEAAG TITCTGC 27 
(2) D1FORMATION ICR SBQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 

(A) IENSIH: 22 base pairs 

(B) THE: nucleic acid 

(C) STRANEEDNESS: single 
15 (D) TOFOICGY: linear 

(ii) MDIECUIE TYE5S: cDNA 
(iii) HXPCdHETICaL: YES 

20 

(xL) SEQUENCE DESCRIPTION: SBQ ID NO: 6: 

22 

25 CGGACTCIX3G ATCCGGAAAG TG 

(2) inpojwation for sbq id no: 7: 

(i) sequence characteristics: 
30 (A) IENGffi: 22 base pairs 

(B) TXFE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 (ii) MDIECUIE TYPE: cDNA 

(iii) HYPOmETICAL: YES 

40 

(xi) SEQUENCE DESCKEEEICN: SBQ ID NO: 7: 

22 

CTCCAAATAC TAGCTCAAAA CC 
45 (2) INFORMATION PGR SBQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IENGffi: 20 base pairs 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS: single 

(D) TOPOICGX: linear 

(ii) MDIECUIE TYPE: cDNA 
55 (iii) HYFOIHEnCAL: YES 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
(XTCAOCATG GTEftGITCrC 20 
5 (2) INFORMATION FOR SBQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) UNSIH: 28 base pairs 

(B) TYPE: nucleic acid 
10 (C) STRANDEENESS: single 

(D) TOPOLOGY: linear 

(ii) MDIECULE THE: cENA 
15 (iii) HYP0GHE3TCAL: YES 



(Xi) SEQUENCE EESCKEPTICN: SEQ ID NO: 9: 
20 

CTTCAATTCT AGATAAGCTT ATCXAAAC 28 
(2) INFOBMATTCN FOR SBQ ID NO: 10: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) IENGHH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOPOLOGY: linear 

30 

(ii) MOIECUIE TYPE: CCNA 
(iii) HYPOTHETICAL: YES 

35 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CCTCADCAIG (JITtonuC 20 

40 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) IZNGIH: 25 base pairs 
45 (B) TYPE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOPOLOGY: linear 

(ii) M3IECUIE TYPE: cENA 

50 

(iii) HYPOTHETICAL: YES 



(xi) SEQUENCE EESCROTTCN: SEQ ID NO: 11: 
GGOQGATOGG AGOQGGGAGC TGAAG 



25 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
5 (B) TYEE: nucleic acid 

(C) STRANEEENESS: single 

(D) TOPOLOGY: linear 

(ii) MDLEOJLE TYPE: CENA. 
(jli) HXPCflHETTCAL: YES 



10 



15 (3d) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GATACCATGG ATCfcCCAGAC ATCTCTG 27 
(2) INFORMATION ICR SEQ ID NO: 13: 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TXPE: nucleic acid 

(C) STRANEEENESS: double 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYEE: cENA 
(iii) HYPOTHETICAL: YES 

30 

(xi) SEQUENCE EESCKLPTTCN: SEQ ID NO: 13: 

35 GCTTO1GGGG ATOCAAAACG TCTC3AG 27 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 28 base pairs 

(B) THE: nucleic acid 

(C) STRANEEENESS: single 

(D) TOPOLOGY: linear 

45 (ii) MOLECULE TYPE: CENA 

(iii) HYPOTHETICAL: YES 

50 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GGCCTCCATG GTTTCGTEAC CATACATC 28 

55 (2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENSTH: 25 base pairs 
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(B) TYPE: nucleic acid 

(C) Sra&NEECNESS; single 

(D) TOPOIDGY: linear 

5 (ii) VD1ECJLE TYPE: cENA 

(iii) HYPOTHETICAL: YES 

10 

(xi) SEQUENCE EESCKEPTION: SEQ ID NO: 15: 
GCXXX3GGATC GGGTTEATOC ACTOG 25 
15 (2) INPORMftTlON FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IENGTH: 27 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDECNESS: single 

(D) TOPOLOGY: linear 



(ii) MDLECULE TYPE: cENA 
25 (iii) HYPOTHETICAL: YES 



(xi) SEQUENCE EESCKEPTTCN: SEQ ID NO: 16: 

30 

GAGTATTTTC CAIGGATTCT GITTCTG 27 
(2) INFQFMAIICN FOR SEQ ID NO: 17: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENSIH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOPOLOGY: linear 

40 

(ii) MDIECUIE TYPE: cENA 
(iii) HYPOTHETICAL: YES 

45 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GCTAGOOSGA TOCATC1GAG CPOCAG 26 

50 

(2) INPOBMATICN FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 
(A) I£NSIH: 29 base pairs 
55 (B) TYPE: nucleic acid 

(C) S1RANDEENESS: single 

(D) TOPQIOGY: linear 
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(ii) MDIECUIE THE: cEKA 
(iii) HH01HETICAL: YES 

5 

(xi) SEQUENCE EESCKEPEICN: SEQ ID NO: IB: 

29 

GftQSICCKEG GCTCAKTIftG COKXACOS 

10 

(2) MKSMailCtJ FCR SEQ ID NO: 19: 

(i) SEQUENCE OBRftCEEKCSnrCS: 
(A) IENGEH: 28 base pairs 
15 (B) THE: nucleic acid 

(C) STRANEEENESS: single 

(D) T0POIOGY: linear 

(ii) MDIECUIE THE: CDNA 

20 

(iii) HYPOTHETICAL: YES 



30 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

CCCTCCflGGA TO0CCTCT0S GAGGCETC 28 

(2) iNFCEwaanoi ecr seq id no: 20: 

(i) SEQUENCE CJffiRACTEBISTICS: 

(A) UNGIH: 28 base pairs 

(B) THE: nucleic acid 

(C) STRftNDEENESS: single 
35 (D) TOPOIOGY: linear 

(ii) M3EEC0IE THE: cDNA 

(iii) HHCraETIcaL: YES 

40 

(xi) SEQUENCE DESCKEPTICN: SEQ ID NO: 20: 

45 GAAAAGAAAG CCftTQGAACT TTATAftTC 28 

(2) INFCBMMUCN FOR SEQ ID NO: 21: 

(i) SEQUENCE CHSRfiCTEKISTICS: 
50 (A) IHI3IH: 21 base pairs 

(B) THE: nucleic acid 

(C) SDffiNDEDNESS: single 

(D) TOPOIOGY: linear 

55 (ii) MOIECOIE THE: cDNA 

(iii) HYPOTHETICAL: YES 



WO 93/10251 



- 67 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
GCnOCftGAT CEATGGOGGA G 

5 

(2) INFORMATION FOR SEQ TD NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
10 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOIECUIE TYPE: cDNA 

15 

(iii) HYPOTHETICAL: YES 



20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

GATTACCAAA AGATCTGATG TTG 

(2) INFORMATION FOR SEQ ID NO: 23: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: YES 

35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

40 GAATTCQGAT CCTGATGCCA G A CCCCGCTC TGTG 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
45 (A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

50 (ii) MOIECULE TYPE: cDNA 

(iii) HYPOTHETICAL: YES 



55 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GGACOGGGAT COCACACTGC TCTTG 
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(2) INIXSMATICN KR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) IENGTH: 24 base pairs 
5 (B) THE: nucleic acid 

(C) SERANDEENESS: single 

(D) TOPOLOGY: linear 

(ii) MDIECUIE TYPE: cENA 
(iii) HYPOTHETICAL: YES 



10 



15 (xi) SEQUENCE EESCRIPITCN: SBQ ID NO: 25: 

24 

OCCTQGATOC GGAOOGGOCA TGGC 

20 (2) INPOCMATICN FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDECNESS: single 

(D) TOPOLOGY: linear 

(ii) MDIECUIE TYPE: CCNA 
30 (iii) HYPOTHETICAL: YES 



35 



40 



45 



50 



55 



(XL) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
CAAGCAAGGA TOCTCCTEAT GAAGC 25 
(2) INKSMATKN FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENEEH: 21 base pairs 

(B) TYEE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MDIECUIE TYPE: cENA 
(iii) HYPOTHETICAL: YES 

(Xi) SEQUENCE EESCRIPIICN: SEQ ID NO: 27: 
CCAGAGTGAA TQCCCACAQG C 21 
(2) INPCHWATICN PGR SEQ ID NO: 28 : 
(i) SEQUENCE CHARACTERISTICS: 
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(A) IHJGIH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANEEENESS: single 

(D) TOFOIOGY: linear 

5 

(ii) MOLECULE TYPE: cENA 
(iii) HYJbUlHLTlCAL: YES 

10 

(xi) SEQUENCE EESCREFFION: SEQ ID NO: 28: 
GGIGAOGCAT GK3GOGCAAG 20 

15 

(2) INFORMATION FDR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) IENGXH: 15 amino acids 
20 (B) TYPE: amino acid 

(C) STRANEEENESS: single 

(D) TDFOIOGY: linear 

(ii) MDIECULE TYPE: peptide 

25 

(iii) HYPOTHETICAL: YES 



30 (xi) SEQUENCE EESCREFTTCN: SEQ ID NO: 29: 

Ala Glu Ser Val Lai Gin Val Fhe Arg Glu Ala lys Ala Glu Gly 
15 10 15 

35 (2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IENGHH: 15 amino acids 

(B) TYPE: amino acid 

40 (C) STRANEEENESS: single 

(D) TOFOIOGY: linear 

(ii) MOLECUIE TYPE: peptide 

45 (iii) HYFOGHETICAL: YES 



50 



55 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Arg Gin Fhe Glu Gin Ser lys Gin leu Thr Glu Asn Gly Ala Glu 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IHKEH: 15 amino acids 

(B) TYPE: amino acid 



WO 93/10251 

- 70 - 

(C) SERfiNEEENESS: single 

(D) T0F0I0G5f: linear 

(ii) MDLBCOIE TXEE: peptide 

5 

(iii) HXFCOHEEICaL: YES 



PCI7EP92/02559 



10 (xi) SEQUENCE BESCKEPHCN: SEQ ID NO: 31: 

I^I^Iys(^uIeuMal£uProGluTyrTyrGlyAsnl£uA^) 
- ^ ^ 5 10 33 



15 



1 
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OAIMB 

1. A plant which as a result of the expression of a recombinant ENA 
has reduced susceptibility to a plant-parasitic nematode. 

5 

2. A plant according to claim 1, therein expression of said 
recombinant ENA causes disruption of a nematode feeding structure. 

3. A plant according to claim 2, wherein expression of said 

10 recombinant ENA is at least retarding formation of a nematode feeding 
structure* 

4. A plant according to claim 2 or 3, wherein said reocnbinant ENA 
occprises: 

15 1) a gene-A which upon expression effects disruption of a nematode 
feeding structure, said gene-A being placed under the control of a 
prcmoter-A that drives expression at least in the nematode feeding 
structure, and 

2) a gene-B which upon expression neutralizes the disruptive effect of 
20 gene-A, said gene-B being placed under the control of a proraoter-B that 
drives expression in all of the plant's cells wherein gene-A is 
expressed, with the proviso that said p romoter does not effectively drive 
expression of gene-B in the nematode feeding structure. 

25 5. A plant according to claim 4, wherein gene-A encodes barnase, gene- 
B encodes barstar, and wherein promoter-A is a resident plant promoter 
and promoter-B is obtainable from the CaMV 35S prompter or the rolD 
promoter* 

30 6. A plant according to claim 5, wherein prcmoter-A is a p romoter that 
is isolated from a plant, or a derivative frcm the said promoter. 

7. A plant according to claim 2 or 3, wherein said reocnbinant ENA 
compr i ses a gene inhibitory to an endogenous gene that encodes a protein 

35 or polypeptide product that is essential for formation or maintenance of 
a nematode feeding structure. 

8. A plant according to claim 4, wherein said 

gene-A produces a RNA transcript that is cxnplementary to an endogenous 
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gene transcript encoding a protein or polypeptide product essential for 
formation or maii±enance of a nematode feeding structure, and wherein 
said gene-B encodes a protein or polypeptide product that substitutes the 
function of the protein or polypeptide encoded by the said endogenous 
5 gene. 

9. a plant according to claim 8,. wherein said gene-B is obtainable 
from a plant species that is different from the host plant species. 

.0 io. A plant according to claim 8 or 9, wherein said gene-B encodes a 
protein or polypeptide which is selected from the group consisting of AEP 
synthase, adenine nucleotide translocator, tricarboxylate translocates, 
dicarboxylate translocator, 2-oxo^lutarate translocator, cytochrome c, 
pyruvate Kinase, glyceraldehydeK3P-deh^ NMJEH-<ytochrome p450 

5 reductase, fatty acid synthase conplex, glycerol-3P-acyltransf erase, 
hydroxyaethyl^utaryl OcA reductase, aminoacyl transferase, 
trarscription initiation factor, and transcription elongation factor. 

11. A plant according to any one of the claims 4 - 10, wherein 
:o promoter-A is obtainable from the Delta-0.3TobFB7-5A promoter. 

12. A plant according to any one of the preceding claims which plant 
belongs to the family solanaceae . 

S 13. A plant according to claim 12, which plant is golanum tuberosum . 

14. The plant of claim 13, which has reduced susceptibility to a potato 
cyst nematode. 

10 15. Plant material, such as flowers, fruit, leaves, pollen, seeds, or 
tubers, obtainable from a plant according to any one of the claims 1 - 
14. 

16. A method for obtaining a plant with reduced susceptibility to a 
15 plant parasitic nematode, ccoprising the steps of 

(1) transforming a recipient plant cell with recootoinant Wk which 
conprises (a) a gene which when expressed in a nematode feeding structure 
causes disruption thereof and (b) a plant selectable marker gene, 

(2) generating a whole plant from a transformed cell under selection 



WO 93/10251 



73 - 



PCT/EP92/02559 



pressure, 

(3) identifying a transformed plant with reduced susceptibility to said 
plant parasitic nematode. 

5 17. A method for obtaining a plant with reduced susceptibility to a 
plant parasitic nematode, apprising the steps of: 

(1) transforming a recipient plant cell with reccnbinant ENA 

which ry^pripoff (a) a gene-A which upon expression effects disruption of 
a nematode feeding structure, said gene-A being placed under the control 
10 of a prcraoter-A that drives expression at least in the nematode feeding 
structure, and 

(b) a gene-B which upon expression neutralizes the disruptive effect of 
gene-A, said gene-B being placed under the control of a promoters that 
drives expression in all of the plant's cells wherein gene-A is 

15 expressed, with the proviso that said promoter does not effectively drive 
expression of gene-B in the nematode feeding structure, and 

(c) a plant selectable marker gene, 

(2) generating a whole plant from a transformed cell under selection 
pressure, 

20 (3) identifying a transformed plant with reduced susceptibility to said 
plant parasitic nematode. 

18. A method for obtaining a plant with reduced susceptibility to a 
plant parasitic nematode, cxnprising the steps of: 

25 (1) transforming a recipient plant cell with reccnbinant ENA 

which ocnprlses (a) a gene-B which upon expression neutralizes the 
clLsruptive effect of a gene-A to be introduced in step (3) , said gene-B 
being placed under the control of a pranoter-B that drives expression in 
substantially all of the plant's cells wherein gene-A is expressed, with 

30 the proviso that said promoter does not effectively drive expression of 
gene-B in a nematode feeding structure, and (b) a plant selectable 
marker, 

(2) generating a whole plant from a trasnf armed cell under selection 
pressure, 

35 (3) trarefanning a recipient cell of the plant obtained in step (2) , or 
progeny thereof which at least contains gene-B, with a recombinant ENA 
which oonprises (c) a gene-A which upon expression effects disrvption of 
a nematode feeding structure, said gene-A being placed under the control 
of a proraoter-A that drives expression at least in a nematode feeding 
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structure of an infested plant root. 

19. a method according to any one of the claims 16 - 18, wherein the 
step of transforming a recipient plant cell is performed by coincubating 

5 said cell with an ftarttocterium strain that contains said recombinant 
DMA. 

20. A recombinant EWA containing a plant expressible gene which 
comprises in sequence: 

) -a promoter that drives expression of a ocwnstream gene in a nematode 

feeding structure, 

-a gene-A which when expressed in a nematode feeding structure effects 
the disruption thereof, and optionally, 

-a transcription terminator and a polyadenylation signal sequence, 
3 so linked that the said gene-* is expressed in said nematode feeding 
struc tur e. 

21. A recombinant EKA according to claim 20, wherein said promoter is 
obtainable from the Delta-0.3TobRB7-5A or the truncated r©lp promoter. 

22 A recombinant DMA according to claim 20 or 21, wherein the said 
gene is obtainable from the Barnase gene. 

23. A recombinant DMA according to anyone of the claims 20 - 22, 
5 wherein the said gene is obtainable from a host plant and selected from 
the group consisting of those encoding ATP synthase, adenine nucleotide 
translocator, tricarboxylate translocator, dicarboxylate translocator, 2- 
oxD-glutarate translocator, cytochrome C, pyruvate kinase, 
glYceraldehyae-3P-o^hyd^genase, KAKH-cytochrome p450 reductase, fatty 
acid synthase complex, glycerol-3P-acyltransf erase, hydrcnymethyl- 
glutaryl CoA reductase, aminoacyl transferase, transcription initiation 
factor, and transcription elongation factor, 

said gene being fused to the said promoter in the reverse orientation 
with respect to the natural orientation in the host plant. 



24. A plant transformation vector cottaining recombinant DNA acxxrding 
to any one of the claims 20 - 23. 



25. An a grr^efaerium strain containing a plant transformation vector 
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according to claim 24. 

26. A method for reducing damage to crop s by plant parasitic nematodes 
by growing plants according to any one of the claims 1 - 15. 

5 

27. A method far reducing damage to crop s by plant parasitic nematodes 
which ccnprises growing plants that contain a herbicide resistance gene 
placed under the con tr ol of a prmnter-B that is expressed at least in 
the roots of the plants, but not effectively in the nematode feeding 

10 structure, ccnprising the steps of 

1) growing the said plants, 

2) contacting the roots of said plants with a herbicide. 

28. A method according to claim 27, wherein prooooter-A is obtainable 
15 from the cauliflower mosaic virus 35S promoter. 
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WO 93/10251 



PCI7EP92/02559 



10/16 




Figure 1 0 



WO 93/10251 



11/16 



PCI7EP92/02559 




Figure 1 1 
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Figure 12 
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pMOG589 = promoteriess 
pMOG591 = multiple cloning site 
pMOG699 = A0.3TobRB7 promoter 
pMOG717 = truncated rolC promoter 
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Figure 13 
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pMOG711 = NADPH-CytP450 reductase ATR1 
pMOG712 = NADPH-CytP450 reductase ATR2 
pMOG713 = G3P acyltransferase ATS1 



pMOG714 = adenine nucleotide translocator 
pMOG715 = B subunit ATP synthase 




Figure 14 
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